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All drapes are not created equal 


Features Features The great name in optics 
that surgeons like that nurses like 

" It's natural that Zess Sterile You have to try these drapes to 
Disposable Drapes are filled with appreciate them. The easy-to-snap- 
features for the surgeon, since on-and-off lens covers will never 
they come from tre company Snag your gloves. No rubber bands. 
that has designec and sold more Everyihing tailored to fit Zeiss 
Operation micros sopes than OpMis—naturally, since they come 
everyone else put together. They from the company that makes them. 
fold neatly out of the way, don't Ask for a demonstration. Your Zeiss 
impede mobility or focusing, dealer will be glad to come in with 
are reflection-free quiet, and samples, and, of course, a ‘Zeiss is 
heat resistant. Neiss’ T-shirt for you. 





Carl Zeiss, Inc., 444 5th Avenue, New York, N.Y. 10018 (212) 730-4400. Branches: Atlanta, Boston, Chicago, Houston, Los 
Angeles, San Franasco, Washington, D.C. In Canada: 45 Valleybrook Drive, Don Mills, Ontario, M3B 2S6. Or call (416) 449-4660. 





No other microscope drape 
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like the Zeiss Sterile Drape. 
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For a demonstration, 
call toll-free 800-82 1-7 700, Ext. 524. 
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fold and diverse diseases which affect the external car, exam- 
ining and illustrating clearly the anatomy and histology of the 
external ear. It reviews the techniques for examination, de- 
scribes and illustrates in 220 color and 90 black and white 
illustrations the diagnosis of the common and the unusual 
diseases and disorders which affect the car. Detailed and 
specific recommendations for prophylaxis and therapy are 
provided. This useful handbook will help all medical practi- 
tioners—from otologists and dermatologists to pediatricians 
and family practitioners—manage diseases of the external 
ear. 


CHAPTER HEADINGS: Anatomy and Histology. Tech- 
niques of Examination. Principles of Therapy and Prophy- 
laxis. Diseases Due to Infection. Psychocutancous Diseases. 
Allergic Diseases. Discases Due to Trauma. Foreign Bodies 
(Vegetable, Mineral and Animal). Geriatric Changes. Meta- 
bolic and Endocrine Disorders. Discases of Unknown Etiol- 
ogy. Malformations. Cysts, Tumor-like Lesions and Tumors. 
Appendices. Index. 
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*|solates obtained from a variety of body fluids (Such as middle-ear exudate and blood) 
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~\ a valid concern 


Haemophilus influenzae in otitis media... 





in meny areas of the country, 
increasing numbers of H. influenzae 
show resistance to conventional 
antibiotic therapy. '° 





BOSTON 
15.6% 





Ceclor is effective in the treatment of 
otitis media? including that due to some 
ampicillin-resistant strains of H. influenzae.** 


Ceclor has been shown to be clinically 
and bacteriologically effective in treating 
otitis media due to susceptible organisms.’ 


Ceclor is available in two pleasant-tasting 
liquics. 
Ceclor provides effective single-agent 


antibiotic therapy for otitis media. 
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Note: Ceclo= is contraindicated in patients with known allergy to the cephalosporins 
and shouldbe given cautiously to penicillin-allergic patients. 


+ Due to susceptible strains of Streptococcus pneumoniae, H. influenzae. staphylococci, 
and S. pYogenes. 


250-mg/5-ml oral suspensions 
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possible risk to the fetus. below % serve as alerting information for the physician. Additional information available to the profession on request j 
= a Usage in Infancy—Safety of this product for use in Hepatic—Slight elevations in SGOT, SGF™, or alkaline from Eli Lilly and Company, Indianapolis, Indiana 46285. 
i infants less than one month of age has not been phosphatase values (1 in 40). 
established. Hemeatopoietic— Transient fluctuations imieukocyte ; 
SG j s count, predominantly lymphocytosis occussing in infants ‘ 
i Adverse Reactions: Adverse effects considered related to and young children (1 in 40). ; 
z ‘cefacior therapy are uncommon and are listed below: Renai— Slight elevations in BUN or serum creatinine . ; 
Gastrointestinal symptoms occur in about 2.5 percent (less than tin 500) or abnormal urinalysis fess than Eli Lilly industries, Inc. é 
S s of patients and include diarrhea (1in 70) and nausea Vin 209. [1030800] - Carolina, Puerto Rico 00630 
i { 100049 : 
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JEFFERSON MEDICAL COLLEGE 
DEPARTMENT OF OTOLARYNGOLOGY 


Announces 
THE THIRD ANNUAL LOUIS H. CLERF LECTURESHIP 
May 1, 1981 
Guest Lecturer: Jo Ono, MD 


The Lectureshid will be preceded by a whole day seminar on selected contemporary topics in 
Otolaryngology. The speakers will be: 


William Baltzell, MD F. Johnson Putney, MD 
Mar-in Brennan, MD Daniel Rabuzzi, MD 
Edward Carden, MD Emilio Roncace, MD 
Vineent Caruso, MD Philip Rosenfeld, MD 
Leopoldo Delucca, MD Myron Shapiro, MD 
Stardey Farb, MD James Spencer, MD 
Frec Harbert, MD James Sumerson, MD 
Herbert Kean, MD Gary Thomas, MD 
Lincsay Pratt, MD Harvey Tucker, MD 
For more detaib, contact: Department of Otolaryngology, Jefferson Medical College, 1025 Walnut 
Street, Suite 418, Philadelphia, PA 19107, (215) 928-6784. 
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THE DEPARTMENT OF OTOLARYNGOLOGY 
AND 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
O7 THE MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


Announce a Postgraduate Course 
CONTROVERSIES IN OTOLARYNGOLOGY 


Under the Direction of Frank E. Lucente, MD 


Mount Sinai School of Medicine Faculty: Hugh F. Biller, MD; Stanley M. Blaugrund, MD; Richard i. 
Bonforte, MD; William Lawson, MD, DDS; Simon C. Parisier, MD; Peter H. Rubin, MD; Peter M. 
Som, MD; Alvir S. Teirstein, MD; Stuart H. Young, MD 


Guest Faculty: Lichard J. Bellucci, MD; Charles D. Bluestone, MD: George A. Gates, MD; Ronald A. 
Hoffman, MD; Donald F. N. Harrison, MD; Ira A. Polisar, MD; Robert J. Ruben, MD 
May 26-27, 1981 
Tuesday and Wednesday, 8:30 AM - 5 PM (2 Sessions) 
This course will focus on areas of controversy in the management of patients with otolaryngologic 
diseases. Topics o be considered include: flexible and rigid endoscopy, middle ear effusions, complica- 
tions of tonsille¢omy and adenoidectomy, midfacial fractures, airway management, cholesteatoma, 


epistaxis, maxille-ethmoid sinusitis and head and neck infections. Format will include lectures, panel 
discussions, proHem case presentation and question-and-answer periods. i 


Fee: $225 including lunch, House Staff: $125 including lunch 
This course will be given at the Mount Sinai Medical Center, New York, New York 


Apply to: Directer, The Page and William Black Post-Graduate School of Medicine, Mount Sinai School 
of Medicine, One Gustave L. Levy Place, New York, NY 10029, (212) 650-6737. A72 
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TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Department of Otorhinolaryngology 
University of Michigan Medical Schoo! 
Ann Arbor, Michigan 


Malcolm D. Graham, MD, Course Director 


March 2-6, 1981; May 4-8, 1981; June 1-5, 1981; 
Oct. 19-23, 1981; Nov. 30-Dec. 4, 198L. 


These intensive one-week courses will emphasize 
surgical and anatomical approaches to temporal 
bone and will be presented in a manner relevant for 
the otologic surgeon, utilizing lectures and video- 
tape presentations of surgical techniques, as well as 
tempcral bone dissection. 


Both mornings and afternoons will be spent in the 
dissection laboratory, thereby giving extensive drill- 
ing experience in both temporal bone anatemy and 
surgical techniques. Lectures and demonstrations 
will be provided by members of the faculty of the 
Dept. of Otorhinolaryngology and Kresge Hearing 
Research Institute, thereby uniquely blending basic 
science and clinical otologic instruction. Dril! hand- 
pieces and dissection instruments will be provided. 


FEE — $1000 for each physician 
50 Hours Category I CME Credits 


For further information contact: Malcolm D. Craham, 
MD, Dept. of Otorhinolaryngology, Kresge Hearing 
Research Institute, University of Michigan Medical 
Center, Ann Arbor, MI 48109, (313) 764-4131 er (313) 
763-5 B15. A45 


EUECTRONYSTAGMOGRAFHY 


Shert Courses for Physicians, Audio ogists 
and Technicians 


Sponsored by 
The Methodist Hospital and the Institates of 
Otorhinolaryngology and Communicative Disorcers, and 
Neurclogy, The Neurosensory Center of Houston. 


April 11-13, 1981 


. Two parallel three-day intensive courses im clinical 
ENG are offered. The technicians’ course stresses 
practical aspects of test oe and the physi- 
cians course stresses clinical applications. Audio- 
logists may take a specially scheduled program 
whica includes parts of both the techniques and in- 
terpretation courses. The courses rely heavily on 
tutorial teaching methods to allow ample oppor- 
tunity for supervised trial-and-error learning. 


A report of each technician trainee’s perfommance, 
including examination scores and an evaluation of 
T ets coniperenes. will be given the trainee and 
the employer. 


Course Instructors: 


Alfred C. Coats, MD, and staff 
Tuition: $325. Limited enrollment 


Address inquiries to: ENG Laboratory, The 
Methodist Hospital, 6565 Fannin, Houston, TX 
77039, (713) 790-5925. A64 
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HILGER 
FACIAL NERVE 
STIMULATOR 


the original, accepted 
instrument for nerve excitability 
testing in the evaluation and 
prognosis of facial nerve 
disorders 






2 HILGER FACIAL NERVE STIMULATOR 
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MODELS 2 AND 2R 


Recognized for its precision and reliability, 
the HILGER FACIAL NERVE STIMULATOR 
is the original instrument designed for clinical 
evaluation of the facial nerve, clinical 
testing of muscle tissue viability and for nerve 
identification and testing during surgery. 


The instrument features unique circuitry 
specially engineered to facilitate very accurate 
Current measurements with readings 
Statistically valid through the range of 0.3 to 
10.0 milliamperes used for clinical testing. 


Model 2 is furnished with a replaceable battery, 
Model 2R with a rechargeable battery. 
Both models are equipped with a battery test 
meter and are supplied with a bipolar probe 
for clinical testing and a pencil-sized 
probe for surgical use. The transistorized units 
are compact and lightweight for use in 
office or operating room. 


Detailed information is available from— 


WR mepicat 


ELECTRONICS CO. 


1995R WEST COUNTY ROAD B-2 
ST. PAUL, MINNESOTA 55113 
Also from WR— 
JAKO FACIAL NERVE MONITOR 
WR SURGICAL NERVE STIMULATOR 


oeptra Suspension b.i.d. 


Each teaspoonful.{Saml) contains: 40 mg trimethoprim arid 200 Whig sulfamethoxazole 


“aconsistent performer! 


pi = 


=9 


treating acute otitis media . 
due to susceptible organisms. 


seal Burroughs Wellcome Co. 
Research Trangle Bark 


Wellcome} North Carolina 27m9 





EACH TEASPOONFUL (5 ML) CONTAINS: 40 MG 
TRIMETHOPRIM AND 200 MG SULFAMETHOXAZOLE 


WITH A GREAT CHERRY TASTE. 





The original pleasant tasting, cherry-flavored 


Septra Suspension b.i.d. 


Each teaspoonful (5 m!) ccntains: 40 mg trimethoprim 
and 200 mg sulfamethoxazole 


A consistent performer in treating acute otitis 
media due to susceptible organisms. 


Septra DS b.i.d. 


Each tablet contains: 160 mg trimethoprim and 800 mg 
sulfamethoxazole 


Septra’ DS Tablets Double Strength 
Septra’ Tablets 
Septra™ Suspension 


INDICATIONS AND USAGE: 

URINARY TRACT INFECTIONS: For the treatment of urinary tract 
infections due to susceptible strains of the following organisms: Es- 
cherichia coli, Klebsiella-Enterobacter, Proteus mirabilis, Proteus 
vulgaris, Proteus norganii. It is recommended that initial episodes 
of uncomplicated urinary tract infections be treated with a single effec- 
tive antibacterial agent rather than the combination. 


NOTE: Currently, the increasing frequency of resistant organisms is a 
limitation of the usefulness of all antibacterial agents, especially in the 
treatment of these urinary tract infections. 


ACUTE OTITIS MEDIA: For the treatment of acute otitis media in 
children due to susceptible strains of Haemophilus influenzae or 
Streptococcus pneumoniae when in the judgment of the physician 
Septra offers some advantage over the use of other antimicrobial 
agents. Limited clinical information is presently available on the effec- 
tiveness of treatment of otitis media with Septra when the infection is 
due to Haemophilus influenzae resistant to ampicillin. To date, there 
are limited data on the safety of repeated use of Septra in children 
under two years cf age. Septra is not indicated for prophylactic or 
prolonged administration in otitis media at any age. 


SHIGELLOSIS: Fer the treatment of enteritis caused by susceptible 
strains of Shigelle flexneri and Shigella sonnei when antibacterial 
therapy is indicated. 


PNEUMOCYSTIS CARINII PNEUMONITIS: For the treatment of 
documented Pneumocystis carinii pneumonitis. To date, this drug 
has been tested only in patients 9 months to 16 years of age who were 
immunosuppressed by cancer therapy. 


CONTRAINDICATIONS: Hypersensitivity to trimethoprim or sul- 
fonamides. Pregnancy and during the nursing period. Infants less than 
two months of age. 


WARNINGS: SEPTRA SHOULD NOT BE USED IN THE TREAT- 
MENT OF STREPTOCOCCAL PHARYNGITIS. 


Clinical studies have documented that patients with Group A 
-hemolytic streptococcal tcnsillopharyngitis have a greater incidence 
of bacteriologic failure when treated with Septra than do those patients 
treated with penicillin as evidenced by failure to eradicate this organism 
from the tonsillopharyngea! area. 


Deaths associated with administration of sulfonamides have been re- 
ported from hypersensitivity reactions, agranulocytosis, aplastic anemia 
and other blood cyscrasias. Experience with trimethoprim alone is 
much more limited. but occasional interference with hematopoiesis has 
been reported as well as an increased incidence of thrombopenia with 
purpura in elderly patients o^ certain diuretics, primarily thiazides. 


Sore throat, fever, pallor, purpura or jaundice may be early signs of 
serious blood disorders. Frequent CBCs are recommended; therapy 
should be discontinued if a significant reduction in the count of any 
formed blood element is no-ed. 


PRECAUTIONS: Use with caution in patients with impaired renal or 
hepatic function, possible fo ate deficiency, severe allergy or bronchial 
asthma. In glucose-6-phosphate dehydrogenase-deficient individuals, 
hemolysis may occur (frequently dose-related). During therapy, main- 
tain adequate fluid intake and perform frequent urinalyses with careful 
microscopic examination ard renal function tests, particularly where 
there is impaired renal funct on. 


Since Septra may prolong prothrombin time in patients on warfarin, 
coagulation time snould be reassessed when Septra is given. 


ADVERSE REACTIONS: All major reactions to sulfonamides and 
trimethoprim are included, ven if not reported with Septra. Blood 
Dyscrasias: Agranulocytosis, aplastic anemia, megaloblastic anemia, 
thrombopenia, leukopenia, hemolytic anemia, purpura, hypopro- 
‘thrombinemia ard methemoglobinemia. Allergic Reactions: 
Erythema multiforme, Stevens-Johnson syndrome, generalized skin 
eruptions, epidermal necrolysis, urticaria, serum sickness, pruritus, ex- 
foliative dermatitis, anaphylectoid reactions, periorbital edema, con- 
junctival and sclera: injection. photosensitization, arthralgia and allergic 


myocarditis. Gastrointestinal Reactions: Glossitis, stomatitis, nausea, 
emesis, abdominal pains, hepatitis, diarrhea and pancreatitis. C.N.S. 
Reactions: Headache, peripheral neuritis, mental depression, convul- 
sions, ataxia, hallucinations, tinnitus, vertigo, insomnia, apathy, fatigue, 
muscle weakness and nervousness. Miscellaneous Reactions: Drug 
fever, chills and toxic nephrosis with oliguria and anuria. Periarteritis 
nodosa and L.E. phenomenon have occurred. 


Due to certain chemical similarities to some goitrogens, diuretics 
(acetazolamide and the thiazides) and oral hypoglycemic agents, sul- 
fonamides have caused rare instances of goiter production, diuresis 
and hypoglycemia; cross-sensitivity may exist with these agents. In rats, 
long-term administration of sulfonamides has produced thyroid malig- 
nancies. 


DOSAGE AND ADMINISTRATION: Not recommended for use in 
infants less than two months of age. 


URINARY TRACT INFECTIONS AND SHIGELLOSIS IN ADULTS 
AND CHILDREN AND ACUTE OTITIS MEDIA IN CHILDREN: 


Adults: The usual adult dosage for the treatment of urinary tract infec- 
tions is two tablets or four teaspoonfuls (20 ml) every 12 hours for 10 to 
14 days. An identical daily dosage is used for 5 days in the treatment of 
shigellosis. 


Children: The recommended dose for children with urinary tract infec- 
tions or acute otitis media is 8 mg/kg trimethoprim and 40 mg/kg 
sulfamethoxazole per 24 hours, given in two divided doses every 12 
hours for 10 days. An identical daily dosage is used for 5 days in the 
treatment of shigellosis. The following table is a guideline for the at- 
tainment of this dosage using Septra Tablets or Suspension. 


Children: Two months of age or older: 

















Weight Dose — every 12 hours 
Ib kg Teaspoonfuls Tablets 
22 10 1( 5ml) V2 
44 20 2 (10 ml) l 
66 30 3 (15 ml) 1 V2 
88 40 4 (20 ml) 2 (or 1 DS tablet) 
For patients with renal impairment: 
Creatinine Clearance Recommended 











(ml/min) Dosage Regimen 
Above 30 Usual Standard Regimen 
15-30 of the usual 
osage regimen 
Below 15 Use Not Recommended 





PNEUMOCYSTIS CARINII PNEUMONITIS: 
The recommended dosage for patients with documented 
Pneumocystis carinii pneumonitis is 20 mg/kg trimethoprim and 
100 mg/kg sulfamethoxazole per 24 hours given in equally divided 
doses every 6 hours for 14 days. The following table is a guideline for 
the attainment of this dosage in children. 








Weight Dose — every 6 hours 
Ib kg Teaspoonfuls Tablets 
18 8 1( 5 ml) V2 
35 16 2 (10 ml) l 
53 24 3 (15 ml) | v2 
70 32 4 (20 ml) 2 (or | DS taklet) 





HOW SUPPLIED: TABLETS, containing 80 mg trimethoprim and 400 
mg sulfamethoxazole — bottles of 40, 100, 500 and 1000 tablets: unit 
dose pack of 100. 


ORAL SUSPENSION, containing the equivalent of 40 mg trimethoprim 
and 200 mg sulfamethoxazole in each teaspoonful (5 ml), cherry fla- 
vored — bottle of 473 ml. Also available in double strength, oval- 
shaped, pink, scored tablets containing 160 mg trimethoprim and 800 
mg sulfamethoxazole — Compliance™ Pak of 20, bottle of 60 and unit 
dose pack of 100. 


References: 

1. Data on file, Burroughs Wellcome Co. 

2. Schwartz R, Rodriguez W, Ross S, et al: TMP-SMX in the treatment of 
otitis media secondary to ampicillin-resistant strains of H influen- 
zae. Second International Symposium on Recent Advances in Otitis 
Media with Effusion, Columbus, Ohio, 1979. x : 

3. Kucers A, Bennett N Mck: The Use of Antibiotics: A Comprehen- 
sive Review with Clinical Emphasis, ed 3. Philadelphia, Lippin- 
cott, 1978, p 700. j 
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ou can rely 
yne Avionics’ TA-1000. 


Why? Because Teledyne Avionics’ aim is to 
produce the finest diagnostic Electric Response 
Audiometer. This efficient instrument is easy 

to use and can do BSER or ECoch G testing for: 
e Acoustic tumor detection 

e Auditory evaluation 


The TA-1000 is lightweight, compact and 
inexpensive compared to larger research units. 


For specifications on the TA-1000 and complete 
information on Teledyne Avionics’ audiometers 
and impedance instruments, write: 


Y~ TELEDYNE AVIONICS 


P.O. Box 6400 
Charlottesville, VA 22906 
(804) 973-3311 
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a Most Widely Prescribed —Antivert is the 
most widely prescribed agent for the management 
of vertigo” associated with diseases affecting 

the vestibular system such as Meniere's disease, 
labyrinthitis, and vestibular neuronitis. 


a Relief of Nausea and Vomiting—Antivert/25 
can relieve the nausea and vomiting often associated 
with vertigo™ 

a Dosage for Vertigo*—The usual adult dosage 
for Antivert/25 is one tablet t.i.d. 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 















INDICATIONS. Based on a review of this drug by the National 
Academy of Sciences-National Research Council and/or other infor- 
mation. FDA has classified the indications as follows: 

Effective: Management of nausea and vomiting, and dizziness asso- 
ciated with motion sickness. 

Possibly Effective: Management of vertigo associated with diseases 
affecting the vestibular system. 

Final classification of the less than effective indications requires 
further investigation. 


CONTRAINDICATIONS. Meclizine HCI is contraindicated in individuals 
who have shown a previous hypersensitivity to it. 

WARNINGS. Since drowsiness may, on occasion, occur with use of this 
drug, patients should be warned of this possibility and cautioned against 
driving a car or operating dangerous machinery. 

Patients should avoid alcoholic beverages while taking this drug. Due to 
its potential anticholinergic action, this drug should be used with caution 
in patients with asthma, glaucoma, or enlargement of the prostate gland 

Usage in Children: Clinical studies establishing safety and effectiveness 
in children have not been done; therefore, usage is not recommended in 
the pediatric age group 

Usage in Pregnancy: Pregnancy Category B. Reproduction studies in rats 
have shown cleft palates at 25-50 times the human dose. Epidemiological 
studies in pregnant women, however, do not indicate that meclizine 
increases the risk of abnormalities when administered during pregnancy. 
Despite the animal findings, it would appear that the possibility of fetal 
harm is remote. Nevertheless, meclizine, or any other medication, should 
be used during pregnancy only if clearly necessary. 

ADVERSE REACTIONS. Drowsiness, dry mouth and, on rare occasions, 
blurred vision have been reported. ROeERIG Pfizer 
More detailed professional information 

A division of Pfizer Pharmaceuticals 


availabl > On request New York New York 10017 


Accept no substitutes, specify... 


Antivert/25 


| (meclizine HCl) 25 mg ‘Tablets 
for vertigo 


Illustration: Chicago ironworker 
laborsona pedestal high above the city 
to dismantle old antenna (Courtesy 
of Chicago Tribune) 


EDITORIAL 


The publishers, editors and staff of the ANNALS 
hope that you like the new format and have found 
the larger size page and new typography pleasing. 
During the past year we began to utilize the newest 
advances in computerized photocompositien to pro- 
duce our journal and have had a great deal to learn. 
The changes in ANNALS size and the new technol- 
ogy produce a more readable page, clearly de- 
lineated illustrations, and in addition, allow us to 
publish more papers in each issue. 


In keeping with the present thinking of a majori- 
ty of the members of our specialty, the ANNALS OF 
OTOLOGY, RHINOLOGY AND LARYNGOL- 
OGY has acquired a subtitle, ie, the ANNALS OF 
HEAD AND NECK MEDICINE AND SURGERY. 
The ANNALS Editors are desirous of remaining 
responsive to the needs of the members of our pro- 
fession. As otolaryngology expands its horizons so 
shall the ANNALS. 


With this first issue of the year we welcome to the 
Board of Editors I. Sando, MD, Pittsburgh; A.J. 
Duvall HI, MD, Minneapolis; and S.K. Juhn, MD, 
Minneapolis. We thank L.W. Pratt, MD, Water- 
ville and J.M. Frederickson, MD, Canada. for their 
past help and guidance; we are pleased that they 


have agreed to be part of the Emeritus Board. We 
look forward to continued productive interaction 
with members of both the Board of Editors and the 
Emeritus Board. 


The ANNALS supplement program has been ex- 
panding, and in 1980 we published 13 supplements 
with a total of 782 pages. Our supplement program 
makes it possible to publish papers which are too 
long for inclusion in the conventional issue; it also 
allows for quicker publication, since the prepara- 
tion of a single supplement can be performed at 
varied and unpredictable work intervals which oc- 
cur in our printing schedule. 


We are grateful to the many clinicians, investiga- 
tors and teachers of otolaryngology throughout the 
world who entrust us with the publication and 
distribution of their manuscripts. We appreciate 
every subscriber without whom the ANNALS 
would lose its reason for being. We pray that such 
intelligent interaction and understanding will bring 
us all closer together and in some way will con- 
tribute to making a happier and more peaceful 
world. 

Ben H. Senturia, MD 
Brian F. McCabe, MD 
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ADDUCTOR SPASTIC DYSPHONIA: 1 1/2 YEARS AFTER RECURRENT 
LARYNGEAL NERVE RESECTION 


ARNOLD E. ARONSON, PhD LAWRENCE W. DESANTO, MD 


ROCHESTER, MINNESOTA 


After recurrent laryngeal nerve resection for adductor spastic dysphonia, the voices of 37 patients (ages 39 to 79 years) were assessed 24 
hours, 1 month, 5 months, and 1 year after surgery, and those of 33 patients up to 1 1/2 years after surgery. By 24 hours after surgery, 97 % 
of patients had improved and 3% had failed; by 1 month, 97% were still improved while 3% had failed; by 6 months, 92% had main- 
tained improvement while 8% had failed; by 1 year, 68% were still improved but 32% had failed; and by 1 1/2 years, 61% were still im- 
proved while 39% had failed. The patients whose voices improved varied from one another in both type and degree of residual dysphonia. 
The typical postsurgical voice was free of spasm, with some breathiness, hoarseness, and reduced volume being present. The voices of some 
patients approacied normalcy. To most patients, relief from the physical effort to phonate was as important as the improved voice. Con- 
tinued long-term follow-up studies and careful, collaborative selection of surgical candidates are needed. 


Adductor spastic dysphonia is a strained, hoarse, after sectioning the right recurrent laryngeal nerve, 
groaning, effortful, or staccato voice without other thus paralyzing the corresponding vocal fold. De- 
physical signs or symptoms. The dysphonia results spite various degrees of postsurgical dysphonia, vir- 
from hyperadduction of the true and false vocal tually all patients were well satisfied with the result 
folds and laryngeal elevation, reminiscent of invol- and resumed more normal everyday communica- 
untary effort closure of the larynx, during volitional tion. 


speech. The disorder most often starts during the 
fourth decade of life and is more frequently seen in 
females. Once the spasms occur, they tenaciously 
persist, resisting psychotherapy, voice therapy, 
drug therapy, hypnosis, relaxation techniques, or 
biofeedback. What begins as a mild, strained 
hoarseness develops, as the months and years. pass, 
into a more intensely strained voice. Severe, 
massive spasm of the true and false vocal folds ean 
arrest phonation virtually completely. Sensitive to 
‘adverse listener reactions, these patients become 
withdrawn and depressed. Those who depend on 
their voices for a livelihood have to find other work. 
Severe spastic dysphonia can have catastrophic life 


Several hundred operations have been performed, 
with favorable results reported.'®'! However, 
systematic studies at postsurgical intervals to deter- 
mine the long-term fate of such patients are lacking. 
A longitudinal study was reported by Levine et al," 
who noted immediate postsurgical success in 22 pa- 
tients with spastic dysphonia. Improvement was de- 
fined as clear, unhalting speech with relief of spas- 
modic quality and improved ease of sound production. 
However, five patients (22%) had “some recur- 
rence” of the disorder, one 4 months, one 7 months, 
one 8 months, one 11 months, and one 22 months af- 
ter surgery. These five patients underwent ipsilat- 
eral superior laryngeal nerve division; two noted 


CONSSJUENRE improvement, while three did not. Injection of Tef- 

Spastic dysphonia may have more than one lon® was done in one patient nine months after sur- 
cause. One type is attributed to psychoneurosis, gery because of persistent breathiness. l 
specifically, conversion reaction.' Recent evidence After crushing the left recurrent laryngeal nerve, 
suggests that another type may be a sign of severe Biller et al‘? noted satisfactory results in three of 
essential (voice) tremor’? or of a focal laryngeal four patients; at 20 months in one patient, 29 
dystonia.* The peripheral nervous system also has months in another, and 30 months in the third. The 
been implicated. Histopathologic studies of recur- spastic dysphonia of the fourth patient had returned 
rent laryngeal nerves by Dedo et al and by Boc- within six months after surgery. 


chino and Tucker‘ have noted demyelination of the 
recurrent laryngeal nerve, but Ravits et al’? were 
unable to find any evidence of such demyelination. 


The present study was done to determine 1) the 
percentage of patients who benefited from recur- 
rent laryngeal nerve surgery at successive post- 


From the ‘irst description of spastic dysphonia surgical intervals extending to 1 1/2 years after 
more than 100 years ago by Traube? until recently, surgery, and 2) the pattern of postsurgical voice 
no clinical cr surgical specialty — laryngology, change with the passage of time. The study did not 
speech patho ogy, neurology, or psychiatry — was concern voice refinements; judgments were made 
able to help the voice disorder. But Dedo’ obtained on the basis of whether the voice as a whole was im- 
immediate relief from the dysphonia in 34 patients proved, remained the same, or worsened. 


From the Mayo Clinic and Mayo Foundation, Rochester, Minnesota. 
REPRINTS — Arnold E. Aronson, PhD, Mayo Clinic and Mayo Foundation, Rochester, MN 55901. 
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ADDUCTOR SPASTIC DYSPHONIA g 


TABLE 1. POSTOPERATIVE VOICE STATUS OF PATIENTS 
WITH SPASTIC DYSPHONIA 


Patients 
Time Postop No. % 
24 hr 
Better than preop 36 97 
Same as preop l 3* 
l mo 
Better than 24 hr postop 28 76 
Same as 24 hr postop 7 18 
Worse than 24 hr postop l 3 
Same as preop ] 3° 
6 mo 
Better than 1 mo postop 6 16 
Same as 1 mo postop 18 49 
Worse than 1 mo postop 10 27 
Same as preop 2 Y 
Worse than preop l e 
l yr 
Better than 6 mo postop 6 16 
Same as 6 mo postop 9 25 
Worse than 6 mo postop 10 27 
Same as preop 7 19* 
Worse than preop 5 13" 
1 1/2 yr 
Better than 1 yr postop 4 12 
Same as l yr postop 1] 34 
Worse than 1 yr postop 5 15 
Same as preop 8 24* 
Worse than preop 5 15* 


*Total failed. 


SUBJECTS 


From 1976 through 1978, 61 patients were seen 
with severe adductor spastic dysphonia. All 61 un- 
derwent lidocaine injection of the right recurrent 
laryngeal nerve to predetermine their potential for 
surgery. Of this group, 17 patients did not undergo 
surgery because they or we were dissatisfied with 
the voice result from the injection. The remaining 
44 underwent resection of the right recurrent laryn- 
geal nerve. Of that group, 37 were followed for 1 
year and 33 for 1 1/2 years. 


Of the 37 patients, 11 (30%) were males, and 26 
(70%) were females. The males had a mean age of 
63 years and a range of 45 to 79 years, with a mean 
duration of their disorder of 10 years. The females 
had a mean age of 60 years and a range of 39 to 77 
years, with a mean duration of their disorder of 7 
years. 


PROCEDURES 


Audiotape and videotape recordings were made 
of each patient immediately before and 24 hours 
after surgery. Audiotape recordings were then re- 
ceived by mail from each patient 1 month, 6 
months, 1 year, and 1 1/2 years after surgery. In 
each recording, the patient read a standard para- 
graph, sustained the vowed /a/, coughed as sharply 
as possible, sang up and down the scale, and subjec- 


tively evaluated his or her voice. No patient had 
had corrective laryngeal surgery or systematic post- 
surgical voice therapy. 


The tape recordings were analyzed by the speech 
pathologist in the study (A.E.A.), who listened to ` 
the contextual speech portions at each presurgical 
and postsurgical interval and rated the voice as 1) 
improved, 2) the same, 3) worse, or 4) failed, as 
compared with the recording of the previous peri- 
od. Improvement was defined as reduced severity of 
strained hoarseness, smoother voice flow, and fewer 
audible signs of phonatory struggle or effort. Worse 
was defined as an increase in the above parameters. 
Failed was defined as either no change from the 
presurgical recording, voice decline to the patient’s 
presurgical level of spastic dysphonia, or worse. At 
l 1/2 years after surgery, the patients were sent a 
questionnaire to sample their attitudes about the ef- 
fects of surgery. 


RESULTS 


Twenty-four Hours After Surgery. Twenty-four 
hours after surgery, 36 (97%) patients had im- 
proved and 1 (3%) had failed (Table 1). The voice 
charaeteristics of the improved patients varied con- 
siderably in both degree of improvement and type. 
No patient’s voice was normal, but a few of the pa- 
tients had voices so mildly dysphonic that their 
voices approached normality. The most frequent 
voice quality defect at this stage was breathiness. 
Hoarseness and diplophonia were other findings. 
Severely breathy voices lacked tonal quality and 
were weak. A few of the patients had inspiratory | 
stridor. Still others had voices that had an un- 
precedented high pitch. 


These voice aberrations did not obscure the fact 
that all patients in the improved group had reduc- 
tion er elimination of the presurgical strained 
hoarseness and all had smoother, more audible 
voices. All volunteered that they were relieved of 
the physical effort to phonate, and although they 
were aware that their voices were not normal, they 
preferred their postsurgical dysphonias to the 
spastie dysphonia. Our impression was that relief 
from the aggravating fatigue of phonation was at 
least as important as achievement of a more normal 
voice. The improved patients had a weaker than 
normal cough. All patients could sing up and down 
the scale without compromise of their pitch range. 


Videotape recordings after surgery as compared 
with those before surgery disclosed a dramatic al- 
teration in facial expression from a frowning and 
grimacing and depressive turning down at the 
angles of the mouth to the disappearance of these ` 
features and the assumption of a generally happier 
facial expression. In summary, the 24-hour postsur- 
gical period was one of patient and clinician opti- 
mism, relief, and satisfaction. _ i 
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Fig. 1. Postsurgical voice status of patients with spastic 
dysphonia. 


One Month After Surgery. One month after sur- 
gery, 28 (76%) patients had further voice improve- 
ment, compared with voice parameters noted at the 
24-hour period, 7 (18%) remained the same, 1 (3%) 
had worsened, and 1 (3%) remained in the failed 
category (Table 1). The voice improvement in the 
28 patients consisted of 1) reduced breathiness and 
more audible tonal or musical quality in patients 
who had predominantly breathy voices at the 
24-hour period, 2) reduced strained hoarseness in 
. those who had residual strained hoarseness, 3) 
lower pitch in those who had a noticeably high 
pitch or falsetto vcice, 4) higher pitch in those who 
had an unusually low pitch, and 5) reduction or 
disappearance of falsetto pitch breaks and 
diplophonia. 


The voice of the patient who had worsened since 
the 24-hour period changed from a mildly breathy, 
smoothly textured voice to a harsh, lower pitched 
and less tomal one. 


In summary, the one-month postoperative peri- 
od, similar to the 24-hour one, was marked by more 
patients with better voices than at any time in the 
study. Not only was 97% of the group improved 
from the surgery but 76% had better voices, as 
compared with voice quality in the previous period. 


Six Months After Surgery. The first signs of group 
decline began at this period (Table 1). Although 6 
(16%) patients had improved since the 1-month 
recheck, 18 (49%) had remained the same, and 10 
. (27%) had worsened. At this time, two (5%) had 
regressed to their presurgical status and one (3%) 
was worse than before surgery, for a total of 8% 
failure. 


The voices of the six patients who had continued 
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TABLE 2. PATIENTS WITH SPASTIC DYSPHONIA WHO 
HAD RECURRENT LARYNGEAL NERVE RESECTION 


Females Males 
(N=26) (N=11) 


Age at surgery (yr) 


Mean 60 63 

Range 39 to 77 45 to 79 
Duration of dysphonia (yr) 

Mean 7 10 

Range lto 24 2to 43 
Status at 1 1/2 yr follow-up 

No. failed 


12 (46%) 2 (18%) 
9 


No. improved 14 (54%) 9 (82%) 


to improve were less strained, hoarse, or stridorous; 
they were clearer and more tonal and had a better 
pitch level. The ten worsened voices were more 
strained, harsh, breathy, and lower pitched and 
had more falsetto pitch-breaks. The trend of the 
worsened group was toward return of the spastic 
dysphonia. 


In summary, at the six-month postsurgical 
period, 92% of the group still had better voices than 
before surgery, but there was a trend toward return 
of the strained, harsh, spastic dysphonia quality. 
More patients were in the failed category, and for 
the first time, one patient had spastic dysphonia 
that was worse than before surgery. 


One Year After Surgery. By one year, 6 (16%) 
patients had further improved, compared with the 
status at the six-month period, 9 (24%) had re- 
mained the same, and 10 (27%) were worse (Table 
1). At this time, seven (19% ) had regressed to their 
presurgical spastic dysphonia and five (14%) were 
worse than before surgery. In summary, by one 
year, 67 % of the patients were still better than they 
were before surgery, although 27% had declined 
from their six-month levels and 33% had failed to 
their presurgical levels or worse. 


One and One-Half Years After Surgery. Of the 33 
patients with 1 1/2-year follow-up, 4 (12%) had 
further improvement over that seen at the one-year 
period, 11 (34%) were the same, and 5 (15%) were 
worse (Table 1). At this time, eight (24%) had re- 
turned to their presurgical spastic dysphonia and 
five (15%) were worse than before surgery. At 1 1/2 
years after surgery, 61% were still improved from 
surgery and 39% had failed (Fig. 1). Females had a 
higher proportion of failures (46%) than did males 
(18%) (Table 2). 


Questionnaire Results. Of the 33 patients 1 1/2 
years after surgery, 27 (82%) considered themselves 
to be better than before surgery, although only 20 
(61%) were judged to be so by the clinician; thus 7 
patients misperceived their voice status as better 
than it was. None of the patients considered their 
voices to be worse than before surgery; this also was 
at variance with the clinician’s judgment of five 
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(15%) patients whose voices were judged to be 
worse than before surgery. 


Six (18% ) patients reported that their veices were 
unimproved, 5 (15%) mildly improved, 15 (46%) 
moderately improved, and 7 (21%) greatly im- 
proved. None of the patients considered their voices 
to be normal. 


Six (18%) patients reported that they were unim- 
proved in their physical effort to phonate (the same 
patients who reported no voice improvement), 6 
(18%) mildly improved, 13 (40%) moderately im- 
proved, 7 (21%) greatly improved, and 1 (8%) was 
normal. 


In response to whether the sound of the voice or 
the physical ease of phonation was more important, 
6 (18%) patients reported that the voice was more 
important, 4 (12%) reported that ease of phonation 
was more important, and 17 (52%) reported both 
were of equal importance. Six (18%) said neither 
had improved. 


Patients were asked when, after surgery, they 
noticed voice improvement beyond the initial 
postsurgical improvement. Of 24 patients who 
reported such an increment, 16 (67%) said it had 
occurred between | and 3 months after surgery, 2 
(8%) between 3 and 6 months after surgery, 3 
(13%) between 6 and 9 months after surgery, 1 
(4%) between 9 and 12 months after surgery, and 2 
(8%) between 12 and 15 months after surgery. 


Estimation of maximal voice improvement yielded 
the following results: of the 24 patients who 
responded, 5 (20%) said this point occurred be- 
tween 1 and 3 months after surgery, 5 (20%) be- 
tween 3 and 6 months, 3 (13%) between 6 and 9 
months, 3 (13%) between 9 and 12 months, 5 
(20%) between 12 and 15 months, and 3 (I3 % ) be- 
tween 15 and 18 months after surgery. 


Of 12 patients who responded to the question 
about initial voice worsening, none said this oc- 
curred between 1 and 3 months, 6 (50%) reported 
worsening between 3 and 6 months, 1 (8%) be- 
tween 6 and 9 months, 1 (8%) between 9 and 12 
months, 1 (8%) between 12 and 15 months, and 3 
(25%) between 15 and 18 months. 


One (8%) of 12 patients said maximal voice 
worsening occurred between 3 and 6 months, 3 
(25%) between 6 and 9 months, 1 (8%) between 9 
and 12 months, 1 (8%) between 12 and 15 months, 
and 6 (50%) between 15 and 18 months. 


Concerning the optimism and feeling of well-be- 
ing after surgery, of the 33 patients responding, 25 
(76%) described improvement, 8 (24%) said they 
felt the same; no: patient reported feeling worse. 
Asked about the effects of the surgery on their social 
participation, 18 (55%) said they had become more 
socially aetive and 15 (45%) said no change had 


TABLE 3. INCIDENCE OF TRANSIENT SIDE EFFECTS 
FROM SURGERY 


No. of 
_  SideEffet Patients 
Feeling of tightness in throat l 
Sore throat 4 
Shortness of breath 3 
Choking on liquids and solids 5 
Congestion on awakening ] 
Difficulty in swallowing 6 
Run out of air while speaking; inhale more often l 
Coughing spells l 
Dry throat 2 
Lump in throat l 
Phlegm 2 
Neck amd chest pain 2 


taken place. No patient became less socially active 
after the surgery. 


Asked if they would have the surgery again, 32 
(97%) said “yes” and 1 (3%) said “no.” Of the 13 
patients who had failed at 1 1/2 years postoperative- 
ly, 12 (92%) said they would have done it again in 
spite ef their eventual failure while 1 (8%) said 

no. 


Although transient in most cases, the most fre- 
quent postsurgical complaint was choking on li- 
quids or solids, followed in frequency by sore 
throat, shortness of breath, dry throat, phlegm, 
neck and chest pain, tightness in the throat, conges- 
tion, coughing, and a feeling of a lump in the throat 
(Table 3). 


DISCUSSION 


This study revealed several points about clinician 
and patient perception of surgical treatment for 
spastie dysphonia. First, the surgery is not a 
panacea for all patients who have adductor spastic 
dysphonia. Despite excellent voice during the first 
few months after surgery, an increasing number of 
failures accrued with time, and many patients who 
were still improved after 1 1/2 years were not doing 
as well as on previous examinations. Females, for 
reasons unknown, experience a higher percentage 
of failures than males. It is not possible now to 
predict who will retain improvement and who will 


fail. 


Secend, patients failed because the normal vocal 
fold vigorously overcompensated. Laryngologic ex- 
aminations of several patients who had failed in- 
dicated that their spastic dysphonia had returned 
because the normal vocal fold had hyperadducted 
against the still-paralyzed fold, .at™times with 
hyperadduction of the area fink ventricular | 
fold. is 


i 
Third, the degree of voice inapFoyement from sur- 
gery varies widely among patients, and the voices of 
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virtually all pa ients change with time. Voices 
ranged from se~ere breathiness to near normal. 
Breathy quality and reduced volume can be ex- 
pected immediately after surgery. With time, the 
breathiness tends to disappear and to be replaced by 
a more tonal, louder voice. These changes probably 
occur because of increasing adductor compensation 
by the normal vecal fold. 


Fourth, despice the considerable variations in 
voice effects anda moderate number of failures by 1 
1/2 years postoperatively, the group was not dis- 
pleased. We attribute this attitude to at least two 
factors: 1) the petients had severe spastic dysphonia 
and were willing to try anything that might help, 
and 2) patients were thoroughly briefed on the ex- 
perimental natu»e of the surgery and given no guar- 
antees as to the ~esult. Even those who had failed, 
despite their deep disappointment, took their fail- 
ure with equaninicy and said that at least they had 
had a brief respite from their spastic dysphonia. 
The 61% who a- 1 1/2 years were still better than 
before surgery were grateful despite residual dys- 
phonia and trarsient laryngeal discomforts. Their 
universal complzirt about not being heard in high 
ambient noise was, in their opinion, relatively 
unimportant in comparison with the benefits ob- 
tained. 


Fifth, relief frem effortful phonation is as much a 
benefit from surgery as is voice improvement. A 


disproportionate emphasis has been placed on the 
sound of the voice as the essence of spastic dys- 
phonia. We have long believed that a considerable 
handicap is the utterly fatiguing, aggravating 
physical effort to force voice through the con- 
stricted glottis. This study supports the importance 
of that component. 


CONCLUSION 


Recurrent laryngeal nerve resection as a treat- 
ment for adductor spastic dysphonia is still ex- 
perimental. Data of the above type beyond the 1 1/2 
-year period need to be obtained, and those who are 
performing corrective surgery on patients who fail 
need to determine the long-term effectiveness of 
those procedures. Finally, we are concerned about 
the ever-present hazard of misdiagnosis of spastic 
dysphonia. Not all patients who have strained 
hoarseness have the intractable spastic dysphonia 
for which this surgery was designed. Patients with 
varying degrees of breathy dysphonia, misperceived 
as spastic dysphonia, can suffer severe breathiness 
or aphonia from the surgery. Because proper pa- 
tient selection is a critical determinant of success, 
we advocate a collaborative approach to treatment 
of such patients in which the speech pathologist is 
integral in decision making as to the nature of the 
dysphonia under consideration and in the measure- 
ment of its parameters both before and after sur- 


gery. 
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INFLUENCE OF ADENOID HYPERTROPHY ON SECRETORY 
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The prognostic influence of adenoidectomy on the clinical course of chromic secretory otitis media (SOM) is reported after an observa- 
tion period of five years in 166 children. Adenoidectamy was performed in connection with the first tubulation on the basis of concurrent 
symptoms of nasal obstruction, and resulted in a significant reduction in the need for repeated insertion of tympanostomy tubes in patients 
younger than eight years of age. The tubulation rate was also significantly reduced when adenoidectomy was performed in association 
with the first recurrence of SOM. This effect was, however, absent when the operation was performed at later stages, and both the 
otoscopic and audiological findings after five years revealed no significant differences between the adenoidectomy and nonadenoidectomy 
groups. Possible pathogenetic mechanisms leading to the development of SOM in the presence of large adenoids are discussed. 


The clinical value of adenoidectomy has been 
much disputed throughout the years. Although this 
operation is often highly appreciated by the lay 
public, a better scientific documentation of its 
health benefits is badly needed in order to justify 
the prominent position of adenoidectomy in nation- 
al health budgets.’ However, randomized clinical 
studies of the possible advantages of adenoidectomy 
are difficult to perform since ethical considerations 
frequently lead to the withdrawal of those cases 
subjectively deemed to be in the greatest need of op- 
eration.’ Another possible approach to this prob- 
lem is to estimate the influence of adenoidectomy 
on other disease states with well-established diag- 
nostic criteria, thus avoiding the ethical problems 
associated with randomization in clinical investiga- 
tions. 


Many authors have reported favorable effects of 
adenoidectomy on disease states in the middle ear 
cleft, but no statistical evidence for this opinion has 
been provided with the exception of the work of 
McKee.’ On the other hand, Rynnel-Dagöö et al? 
have demonstrated no significant difference in the 
prognosis of secretory otitis media (SOM) between 
an adenoidectomy and a nonadenoidectomy group. 
The present report is part of a long-term study of 
SOM designed to investigate the possible association 
between nasal obstruction and the development of 
persistent middle ear fluid, and the influence of 
adenoidectomy on the latter. A short overview has 
been given in a previous interim report.* 


METHODS 


A prospective study of surgically treated SOM im children was 
initiated in our department in 1972. In the course of that year, 
242 patients were admitted for surgery, but 76 whe had received 
their primary treatment for SOM prior to this dateshave been ex- 
cluded in order to ensure uniformity of treatment and follow-up 
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Fig. 1. Age and sex distribution of the 166 patients with 
mean age 6.1 years. The 71 girls and 95 boys have a mean 
age of 6.3 and 5.9 years respectively. 


protocols. The age and sex distributions of the 166 patients in the. 
study cohort are shown in Figure 1. 


The majority of patients were first treated in the out-patient 
department with nose drops or oral decongestants. Only those 
cases in which normalization of the otoscopic and audiometric 
findings had not occurred within six to eight weeks were admitted 
for surgery. The anamnestic duration of SOM amounted to about 
four months before any kind of surgery was performed. A few 
seriously hearing-handicapped children were admitted after a 
shorter observation period. 


The standard otosurgical procedure was tubulation following 
myringotomy in the lower anterior quadrant and thorough aspi- 
ration of middle ear effusion. Fluid in the middle ear cleft was 
found in 303 of the 332 ears, the secretion being mucus in 69% 
and serous in 31%. Patients with normalized otoscopic findings 
and hearing tests had their tympanostomy tubes removed three 
months after the first otosurgical procedure. In recurrent cases 
tubes were left in place until they were extruded spontaneously. 
Follow-up examinations were discontinued after an observation 
period of at least three months without recurrence of SOM. 


Adenoidectomy was performed at the time of the first myr- 
ingotomy only in cases with both symptoms and signs of nasal 
obstruction and x-ray confirmation of large adenoids. However, 
subsequent recurrence of middle ear effusion was regarded as a 
relative indication for adenoidectomy, although only in cases 
with x-ray evidence of enlargement of the adenoid tissue. Ade- 
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TABLE 1. NUMBER OF TUBULATIONS PER PATIENT 
DURING THE FI\V.E-YEAR-PERIOD AS FUNCTION OF 
ADENOIDECTOMY/READENOIDECTOMY 


Number of Tubulations 


Number of 
Adenoidectomies 1 2 3 4 5 6 7 8 Total 
0 38 4 6 #1 i v8 Ọ Q 50 
] ms 2 9 4 2 3 8 1 Iœ 
2 2 $ 3 ¢ 1 I O Ff 13 
3 0 0 1 0 0 0 OQO 0 l 
Total 98 28 19 8 4 4 3 2 166 


noidectomy was perfo med with a curette in the midline, no spe- 
cific attempt being m:de to clear tissue from the fossa of Rosen- 
miiller. Only one patient had had this operation performed three 
years earlier. Tonsilleetomy was also performed in patients with 
frequent febrile sore throats, but SOM did not influence the deci- 
sion for this procedure. 


All patients were requested to attend for control examination 
five years later, in 19°7. and the otoscopic findings, pure tone 
audiogram and tympanogram were recorded in 144 or 86.7% of 
the cases. Mean hearirg thresholds poorer than 20 dB for the fre- 
quencies 500, 1000, and 2000 Hz and tympanograms showing 
greater negative middE ear pressures than — 100 mm water were 
considered abnormal. 


Relevant informatioa f-om the patients’ records was stored in a 
microcomputer system for later statistical treatment, significance 
being calculated accordirg to the Fisher-Irwin method. 


RESULTS 


The adenoids were removed in connection with 
the first otosurgical procedure in 81 (49%) of the 
166 patients. However, adenoidectomy has been 
performed a total of 131 times in 116 patients (70 % ) 
in the course of the five-year observation period. 
The relationship .etween numbers of adenoidec- 
tomies and tubuletions is given in Table 1. Com- 

. parison of patiens with only one tubulation and 
those requiring tw> or more otosurgical procedures, 
shows that adenoadectomy was performed in 61% 
of the former group and in 82% of the latter. This 
could apparently indicate an association between 
adenoidectomy and failure of the primary otosurgi- 
cal treatment. Hewever, the prognostic effect of 
adenoidectomy in the treatment of SOM can be 
more accurately assessed by comparing the need for 
further otosurgery in patients in whom primary 
adenoidectomy ha: or has not been performed. 


Table 2 shows that the majority of patients in 
whom adenoidectemy was performed at the time of 
their first otosurgizal procedure did not need a fur- 
ther otological procedure, while the opposite occur- 
red in the nonadenoidectomy group, thus demon- 
strating a very sigrif:cant improvement in prognosis 
for the adenoidectomy group (P = 0.00003). When 
the material is split into different age groups, the 
prognostic influenee of adenoidectomy on SOM was 
significant in the aze group below eight years, while 
the difference was not significant in the older 
children. Althougl the incidence of adenoidectomy 
was equal in both sexes, the beneficial effect of the 
operation was more pronounced in males than in 
_ females, 


TABLE 2. NUMBER OF TUBULATIONS IN PATIENTS 
WITH AND WITHOUT ADENOIDECTOMY AT FIRST 
OTOSURGICAL PROCEDURE 


Number of Tubulations 


2 and 
1 More Total 
Adenoidectomy 60 21 81 
No adeoidectomy 38 47 85 
Total 98 69 166 


= 0.00003. 


Follow-up examination revealed that 47 patients 
in whom adenoidectomy was not performed at the 
time of the first otosurgical procedure, had recur- 
rent or persistent SOM. The adenoids were removed 
in 24 of these patients in connection with the second 
myringotomy and insertion of tympanostomy tubes. 
Table 3 shows that this adenoidectomy produced a 
significant reduction (P = 0.00008) in the need for 
subsequent tubulations in the age group 0-7 years. 
The total number of patients in the older age group 
was low, only 12, and removal of adenoids had no 
statistically significant effect on SOM. These pa- 
tients serve as their own controls since they all have 
one earlier treatment failure. There is no reason to 
believe that the second episode of SOM implies a 
better prognosis per se. 


Extensive tests have been performed to see 
whether there are any inherent differences between 
SOM in patients with and without large adenoids 
which could indicate a less severe form of the dis- 
ease in the former. The proportions of serous and 
mucus middle ear effusions were equal in both 
groups. The prognosis of SOM did not show any dif- 
ference between males and females, and the sex 
distribution was similar in the adenoidectomy and 
nonadenoidectomy groups. The pure tone threshold 
in patients younger than eight years in whom ade- 
noidectomy was performed at the first admission for 
SOM, was significantly poorer than for those who 
underwent otosurgery only. The highest rate of 
adenoidectomies was found in the age group four to 
five years, and this is coincident with the highest 
rate of myringotomies. There is therefore no ten- 
dency toward a generally good prognosis of SOM in 
the age group most likely to have adenoid tissue 
removed. Postoperative drainage from myringost- 
omy tubes occurred in 13.6% of all cases, but with 
equal frequency in the adenoidectomy and nonade- 
noidectomy groups. 


TABLE 3. PROGNOSTIC EFFECT OF ADENOIDECTOMY 
IN CONNECTION WITH THE SECOND TUBULATION 
AFTER INITIAL TREATMENT FAILURE WITHOUT 


EARLIER ADENOIDECTOMY (AGE 0-7 YR) 


Number of Tubulations 





3 and 
2 More Total 
Adenoidectomy 10 8 18 
No adenoidectomy l 16 17 


Total 11 24 35 
P = 0.00008. . 
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Five years after the initial treatment, there was a 
tendency toward a higher rate of ongoing follow-up 
consultations of the adenoidectomy patients at our 
out-patient department compared with those with- 
out earlier adenoidectomy. To illustrate our non- 
liberal practice of adenoidectomy in cennection 
with SOM, it may be mentioned that the operation 
has since been performed in three patients in this 
series who have subsequently developed signs and 
symptoms of nasal obstruction. 


There was no difference in pure tone thresholds 
between adenoidectomy and nonadenoideetomy pa- 
tients at the five-year control. The proportions of 
normal and pathological tympanograms were also 
equal in both groups. However, the acoustic middle 
ear reflex could be more frequently elicited in the 
nonadenoidectomy group, and this difference was 
marginally significant. Calcified scars in the tym- 
panic membrane were prevalent in the adenoidec- 
tomy group at the control in 1977, while atrophic 
scarring was found more frequently in the nonade- 
noidectomy patients. The presence of SOM, attic 
cup formation, atelectasis, and chronic suppurative 
otitis media showed no systematic difference be- 
tween the two test groups five years after the pri- 
mary treatment. 


DISCUSSION 


The prevalence of lowered intratympanic pres- 
sure and middle ear effusion found by acoustic im- 
pedance screening procedures in children is surpris- 
ingly high,** particularly in the younger age 
groups. Brooks’? reported longitudinal impedance 
studies during a six-year observation period of 104 
school children, and found persistently narmal mid- 
dle ear parameters throughout this peried in only 
53% . In 222 children investigated four times during 
the second year of life, Tos and Poulsen’? found un- 
changed type A tympanograms throughout the peri- 
od in only 23.4% of the ears. A considerable ten- 
dency toward spontaneous normalization of impe- 
dance patterns has been demonstrated in follow-up 
examinations of children with abnormal tympano- 
grams.°''' It is therefore conceivable that middle ear 
effusion occurs one or more times in the majority of 
people during childhood. The frequent occurrence 
of transient middle ear effusion necessitates an 
observation period of at least three to four months 
before surgical treatment for secretory otitis media 
(SOM) should be considered.'® With the exception 
of the work of Stevens’? and Dawes,'® this fact is 
generally neglected throughout the literature on 
SOM, and probably contributes to the very variable 
treatment results. In the current study, clinical 
findings of SOM had been present for six to eight 
weeks. In addition comes a symptomatic interval of 
at least two months due to referral delays from 
primary care doctors and waiting lists at our out- 
patient department, thus ensuring chronicity of the 
middle ear condition prior to surgical treatment. 


In the present series, 49% of the patients had 
symp oms and both clinical and radiological signs 
of nasopharyngeal obstruction at the time of pri- 
mary admission for surgical treatment of SOM. The 
total number of adenoidectomies performed in our 
department in 1972 was 193, of which 116, or 60% 
were combined with otosurgery for SOM. These 
two eonditions, hypertrophy of the adenoids and 
SOM therefore show a high degree of coincidental 
occurrence in the pediatric population, a conclusion 
whic is also supported by the study of Rynnel- 
Dag et al,? who found that 30 of 76 children ad- 
mitted for adenoidectomy on the basis of nasal 
symyzoms also had SOM. The adenoidectomy rate 
in the area of northern Norway served by our 
department is only 35.9/10,000 inhabitants in the 
age group below 16 years, and this low incidence’ 
also shows a striking association with concomitant 
SOM. In this context the study of Hibbert and 
Tweedie" is of interest; these authors reported that 
the weight of tissue removed at adenoidectomy was 
similar for patients in whom the indications for 
operetion were either nasal or aural symptoms. 


Although the overall incidence of adenoidectomy 
in our material is fairly high (70%), we do not 
regad SOM as an indication for routine perfor- 
manee of this operation since many cases of SOM 
are Cbviously not associated with large adenoids. 
Bluestone et al'’ have even suggested that adenoid 
tissue may protect against SOM in some cases of ab- 
normal patulence of the eustachian tube. Although 
their investigational technique is not applicable for 
routine use in a busy clinic, it is a very common ex- 
perience that many cases of SOM are extremely 
therapy resistant after adenoidectomy. We would’ 
contend that the latter has been performed on 
inadequate and incorrect indications, and that 
other etiological factors account for the persistence 
of SOM. 


Acenoidectomy patients in this material had ini- 
tially a more severe hearing loss, with an increased 
need for follow-up consultations. These patients 
woul) thus appear to have a clinically more severe 
form of SOM, although other tested parameters in- 
dicated that SOM is a unimodal disease at the 
chronic stage at which we instituted surgical treat- 
ment. A closer scrutiny of Table 1 demonstrates a 
higher average rate of otosurgery in the adenoidec- 
tomy group as compared to the nonadenoidectomy 
grouD, 2.2 and 1.5 myringotomies per patient re- 
spectively. This would appear to be due to the 
tendency toward performing adenoidectomy, both 
primary and reoperations, late in the course of 
therepy resistant SOM, without proper indications. 
Aderoidectomy should therefore not be used as a 
last sort in recurrent SOM. 


The mechanism by which the hypertrophied ade- 
noid tissue influences the eustachian tube and mid- 
dle ear ventilation is not yet settled. Mechanical ob- 
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struction of the eustachian orifice is very rarely ob- 
served,'® anc is net a valid explanation. Bluestone et 
al’* found predominantly preoperative retrograde 
obstruction with pastoperative normalization of eu- 
stachian tube function following adenoidectomy in 
patients witk otitis media. Further investigations in 
tubulated middle ears by the same group,” with 
assessment of the ability to equilibrate positive and 
negative middle ear pressures, showed improved 
eustachian tube ventilatory function in 42% of the 
patients afte- adenoidectomy. Hypertrophied ade- 
noid tissue may lead to increased tension in the ad- 
jacent nasopharyngeal tissue with extrinsic com- 
pression of the cartilaginous part of the eustachian 
tube as a result. Adenoidectomy may increase the 
pliability of the eustachian tube, leading to im- 
proved midde ear ventilation. 


Experience from patients with tracheotomy or 
nasotracheal intubation has shown a tendency to 
lowered pressure and development of effusion in the 
middle ear.'='° The maintenance of atmospheric 
middle ear pressure probably depends on a venti- 
lated nasopkaryngeal space. Although the nasal 
passage is very seldcm blocked due to enlarged ade- 
noids, moutł -breathing is often found to be pre- 
dominant, even in daytime. It is therefore con- 
ceivable that the rasopharyngeal space is poorly 
ventilated in these children, thus impairing eusta- 
chian tube function. 


A further prominent feature in some children 
with enlarged adenoids is the feeling of a stuffed 
nose with stegnant nasal secretion leading to ha- 
bitual sniffirg. This transient lowering of naso- 
_pharyngeal p-essure may be transmitted to the mid- 


dle ear in cases with different degrees of closing 
failure of the eustachian tube.”° It is probable that 
swallowing in the presence of adenoid enlargement 
results in an involuntary Toynbee maneuver?! 
which, in combination with the sniffing habit, will 
perpetuate the processes producing SOM. We have 
observed striking disappearance of SOM in some 
patients when the sniffing habit was discontinued 
and replaced with proper nasal hygiene and nasal 
respiration. 


Although infections in the middle ear cleft may 
be of importance in the pathogenesis of SOM,” 
evidence points to an indirect influence of infectious 
agents via nasopharyngeal infections facilitated by 
the presence of enlarged adenoid tissue. Tos et al’ 
found a preponderance both of pathogenic bacteria 
in the nasopharynx and of previous acute otitis me- 
dia in children with abnormal tympanograms; the 
latter had also a history of more frequent catarrhal 
infections. A recent study by Ruokonen et al?’ 
showed a significant increase in positive cultures of 
Haemophilus influenzae and of virus isolates from 
adenoid tissue removed from patients with middle 
ear effusions, as compared to adenoids from pa- 
tients with simple hypertrophy and no ear disease. 
Rynnel-Dagoé et al? have also found a significant 
reduction of positive nasopharyngeal cultures of 
Diplococcus pneumoniae following adenoidectomy 
as compared with a nonoperated control group. 
Adenoidectomy may thus improve the eustachian 
tube function both by a reduction of upper respira- 
tory tract infections due to a normalizing of the 
nasopharyngeal microflora and by reinstitution of 
respiratory ventilation of the nasopharyngeal space. 
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CANADIAN OTOLARYNGOLOGICAL SOCIETY 


The annual meeting of the Canadian Otolaryngological Society will be held in London, Ontario, June 15-17, 1981. Inquiries may be 
sent to Dr. William Crysdale, c/o Hospital for Sick Children, 555 University Avenue, Toronto, Ontario. 


DEAFNESS RESEARCH FOUNDATION 


The DRF invites applications for 1982 grant support of research projects directed to any aspect of the ear: e.g., investigator of func- 
tion, physiology, biochemistry, genetics, anatomy ar pathology. Grant suppert is given for one year, in an amount that cannot exceed 


$10,000, but can be renewed for one or two additienal years. 


The deadlines for applications for 1982 grant support are as follows: first-year applications postmarked by July 15, 1981; renewal ap- 


plicatioms postmarked by August 15, 1981. 


For applications and for any information please contact: Director of Medical Affairs, The Deafness Research Foundation, 55 East 


34th Street, New York, NY 10016. 
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RECIPROCAL SYNAPSES AT THE BASE OF OUTER HAIR CELLS IN 
THE ORGAN OF CORTI OF MAN 


JOSEPH B. NADOL, JR., MD 


Boston, MASSACHUSETTS 


Reciprocal synapses have been found between nerve terminals and the outer hair cells in the human organ of Corti. A single nerve 
ending of the nonvesiculated type may possess two types of synaptic specialization of opposite polarity. The first is typical of the “afferent” 
synapse with a presynaptic body in the hair cell and pre- and postsynaptic membrane thickening. The second consists of a small collection 
of presynaptic vesicles in the neural cytoplasm near the plasma membrane facing the hair cell and a subsynaptic cisterna within the hair 
cell cytoplasm. The second type of specialization is similar to the synapses seen in “efferent” endings. This suggests that both an afferent 
(hair cell to neuron) and efferent (neuron to hair cell) synaptic relationship may exist between an outer hair cell and a single nerve ter- 


minal. 


INTRODUCTION 


Two types of nerve endings, differentiated in 
part by their synaptic specialization, have been de- 
scribed at the base of the outer hair cells of the or- 
gan of Corti. Engstrom' first recognized this dual 
innervation which ke designated as “type 1” and 
“type 2” endings. These observations have been 
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Fig. 1 Synapses at the base of a human outer hair cell 


nonvesiculated ending (NVE) is characterized by presynaptic an 
body (PB) and vesicles. The type 2 or vesiculated ending (VE) is c 


minal and a subsynaptic cisterna (SC) in the outer hair cell. 


confirmed in a number of animal species.” The type 
l or nonvesiculated ending is recognized by the 
presence of pre- and postsynaptic membrane thick- 
ening and, in most species, a presynaptic ribbon or 
body surrounded by synaptic vesicles in the hair 
cell. The type 2 or vesiculated ending on the outer 
hair cell is characterized by the presence of many 
presynaptic vesicles which fill the nerve terminal 
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a in the first row of the basal turn. The type 1 or 
poma membrane thickening Gh and a presynaptic 
aracterized by many presynaptic vesicles in the nerve ter- 
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Fig. 2. a-d) A portion of a series of serial sections of nerve termirals at the base of an outer hair cell (OHC) in the third 
row of the middle turn of the human organ of Corti. Two nerve terminals (N, and N2) of the nonvesiculated type 
demonstrate presynaptic and postsynaptic membrane eee (ST) and a presynaptic body (PB). In addition, in one nerve 
terminal (N2) a second type i wocelaliz atoms seen (bracket). This consists of presynaptic vesicles (PV) in the cytoplasm of N, 
and a postsynaptic subsurface cisterna (SC) in the cytoplasm of the outer hair cell. An occasional dense core vesicle (DV) was 
seen among the presynaptic vesicles. Three sections between Figure 2a and 2b, three sections between Figure 2b and 2c, and 
one section between Figure 2c and 2d are not shown. 
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hair cell (OHC). 


and a subsynaptic cisterna within the outer hair cell 
cytoplasm. As a result of a variety of observa- 
tions,™ć7 the type 2 endings are considered to be the 
terminals of the olivocochlear bundle and efferent 
in nature, whereas the type 1 endings are con- 
sidered to be afferent dendritic processes of cell 
bodies in the spiral ganglion. 


Electron microscopy of serial sections of the 
human organ of Corti has revealed a synaptic rela- 
tionship not previously reported. This consists of 
two synapses of opposite polarity, or reciprocal 
synapses, between an outer hair cell and a single 
nerve terminal. 


MATERIAL AND METHODS 


The inner ears of a 64-year-old male who died of cardiomyo- 
pathy were fixec two hours after death. Although no audiogram 
was available, this man had no auditory or vestibular complaints 
and was said by his family to have had normal hearing 
throughout his life. Additional observations were made on the in- 
ner ears of another individual who died at age 66 of ventricular 
rupture. This patient was said to have had normal hearing 
throughout life. There had been loud noise exposure in the 
military, but in the absence of any subjective hearing loss, no 
audiogram was ever performed. Temporal bones were fixed 2.5 
hours after death. Details of the method of fixation and tissue 
preparation have been reported elsewhere.’ The fixative was 2% 
glutaraldehyde and 2% paraformaldehyde in 0.1 M phosphate 
buffer. After thinning the otic capsule with a power drill, the 
specimens were decalcified in 0.1 M disodium ethylenediamine 
tetra-acetic acid (EDTA) with 2% glutaraldehyde in 0.1 M 
phosphate buffer and postfixed in 2% osmium tetroxide in 0.1 M 
phosphate buffer. The tissue was stained en bloc with aqueous 
uranyl acetate, dehydrated in graded alcohols, exchanged with 
propylene oxide and embedded in Epon®. Serial sections of the 
middle and basal turms were cut in a radial orientation. The 
neural poles of several inner and outer hair cells were examined in 
their entirety. 


FINDINGS 


Nerve terminals of both type 1 (nonvesiculated) 
_and type 2 (vesiculated) were found at the base of 
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F ig. 3. Higher magnification of Figure 2c showing reciprocal synapses between one nerve terminal (N2) and an outer 


outer hair cells of the human organ of Corti (Fig. 
1). The type 1 ending demonstrated pre- and post- 
synaptic membrane thickening, and often a presyn- 
aptic body surrounded by vesicles in the hair cell. 
The postsynaptic neuronal cytoplasm of the type 1 
ending contained a paucity of vesicles compared to 
the type 2 ending which contained a large collection 
of presynaptic vesicles filling the nerve terminal. 
The type 2 ending also demonstrated a postsynaptic 
subsurface cisterna in the outer hair cell cytoplasm. 


Some nonvesiculated nerve terminals on outer 
hair cells demonstrated two distinct types of synap- 
tic specialization in adjacent areas of the same 
nerve terminal. The first was typical of an “af- 
ferent” synapse, with pre- and postsynaptic mem- 
brane thickening and a presynaptic body in the hair 
cell. The second consisted of a small collection of 
vesicles within the nerve terminal and a subsynaptic 
cisterna within the apposed hair cell cytoplasm 
(Figs. 2-5). The second synaptic specialization was 
very similar to the synapse seen in the classic type 2 
or “efferent” ending. However, it differed from the 
type 2 ending in that the area of synaptic specializa- 
tion was much smaller and it contained fewer 
presynaptic vesicles. This type of nerve terminal 
with reciprocal synapses between neuron and hair 
cell was found in all three rows of outer hair cells 
and in both basal and middle turns. Not every end- 
ing with afferent synapses possessed this reciprocal 
synaptic specialization but it was frequently seen. 
Eleven reciprocal synapses were found in 888 serial 
sections from the first human specimen, and three 
were found in 50 serial sections from the second 
specimen. However, because of the small size of the 
synaptic specialization of the efferent type within 
terminals with reciprocal synapses, this feature 
would be easily missed unless serial sections of the 
nerve terminals were studied. No reciprocal 
synapses were found at the base of inner hair cells. 
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Fig. 4. a-c) Serial sections of two nerve temminals (N, and N,) at the base of an outer hair cell (OHC) of the third row in 
the basal turn of the organ of Corti of the human. Both N, and N, poss=ss synaptic membrane thickening (ST) typical of the 


type 1, or afferent a a There is also a presynaptic body (PB) 


specialization (brac 


et) consisting of presynaptic vesicles (PV) in t 


o porte N2. In addition, there is a second type of synaptic 
e nerve terminal and a subsynaptic cisterna (SC) in the 
p 


hair cell. N, also demonstrates reciprocal synapses, although no presyraptic body is present at the afferent synapse in these 
sections. One section between Figure 4a and <b and three sections between Figure 4b and 4c are not shown. 


DISCUSSION 


Interpretation of histological findings in the hu- 
man must include consideration of postmertem au- 
tolysis. In the organ of Corti of the guinea pig, Wer- 
sall et al’ described rupture of limiting membranes, 
vacuolization of cytoplasm, and eventual lysis of 
synaptic vesicles as typical changes due to post- 
mortem autolysis. It is unlikely that a sudsynaptic 
cisterna in one cell and a collection of vesicles in an 
apposed portion of a second cell are due to autoly- 
sis. The possibilities that the reciprocal synapses 
may represent a pathological change in the human, 
or may be species-specific, require further investi- 
gation. 


The finding of two types of synaptic specializa- 
tion >etween a single nerve terminal and an outer 
hair cell suggests reciprocal synaptic activity. This 
finding requires careful attention to terminology. 
That is, “endings” and “synapses” cannot be con- 
sidered equivalent terms. Nonvesiculated, or type 1 
endings, have been equated with afferent function, 
and vesiculated, or type 2 endings, have been 
equated with efferent function.*:? However, the 
morphological characteristics of the reciprocal syn- 
apses suggest that both afferent, or hair cell to neu- 
ron “transmission, and efferent, or neuron to hair 
cell tansmission, may occur between an outer hair 
cell and the same nerve terminal. Therefore it is 
probably best to refer to specific synaptic specializa- 
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Fig. 5. a-© A third example of reciprocal synapses between a nerve terminal (N) and an outer hair cell (OHC) of the 
third row of the middle turn of the organ of Corti of the human in three sequential serial sections. The afferent synapse con- 
sists of a presynaptic body (PB) and synaptic membrane thickening (ST). The efferent synapse consists of presynaptic vesicles 
(PV) in the netral cytoplasm and a subsurface cisterna (SC) in the hair cell. 


tion rather than to type 1 or type 2 nerve endings. 
The following nomenclature is suggested. A synapse 
suggestive of afferent transmission may be called 
the “type 1 synapse.” The classic synapse seen in ter- 
minals of the olivocochlear bundle and considered 


to be efferent may be called the “type 2 synapse.” 
The third type of synapse, which is similar to, but 
smaller than, the classic efferent synapse may be 
called the “type 3 synapse.” Using these terms, 
nerve terminals with reciprocal synapses can be re- 
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defined as nerve terminals demonstrating beth type 
l and type 3 synapses with the outer hair cell. 

The role of such reciprocal synaptic activity can 
only be speculative since the ganglionic origin of 
such terminals is not known. However, with the ex- 
ception of the small areas of synaptic specialization 
of type 3, the nerve terminals with reciprocal syn- 
apses are identical to the classic type 1 endings, 
which are thought to be peripheral dendritic pro- 
cesses of cell bodies in the spiral ganglion. Recipro- 
cal synapses have also been found in the central ner- 
vous system'°-'* and retina’? between appesed den- 
drites. In addition, they have been found in the 
carotid body receptor'* and the frog crita am- 
pullaris'®*'$ between neuroepithelial cells and 
neurons. In these systems reciprocal synapses are 
thought to serve as part of a feedback loop. Tanaka 


and Smith” and Thorn et al** mention the possibili- 
ty of reciprocal synapses in the organ of Corti based 
on the observation of presynaptic bodies near type 2 
endings but do not demonstrate distinct reciprocal 
synaptic specialization between a hair cell and a 
single nerve terminal. If, in fact, these terminals are 
part œŒ the afferent pathway from outer hair cells, 
then tne presence of reciprocal synapses within the 
same nerve terminal suggests the possibility of a lo- 
cal feedback mechanism which could influence af- 
ferent synaptic activity. This could occur within the 
nerve terminal at the base of the same hair cell or 
between many hair cells innervated by the dendritic 
aborization of the same afferent neuron. The ap- 
parent absence of such reciprocal synapses at the 
base of inner hair cells may reflect different func- 
tions af inner and outer hair cells. 
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VASCULATURE OF THE ANTERIOR COMMISSURE 


MARIO ANDREA, MD 


LISBON, PORTUGAL 


Results of a stucy of the vasculature of the anterior commissure, part of a larger study of the larynx, are presented. The vasculature of 
the anterior ccmmisure is dependent on the medial branch of the anteroinferior laryngeal artery. The techniques used, postmortem 
angiography, cissecton, cleared method, microangiography and histological sections, made it possible to follow the course of the artery 
and determine its coafizuration. The results reveal separation of the supraglottis and the glottis between the thyroepiglottic ligament and 
the anterior commis ure; the study also establishes that a separation does not exist between the glottis and the subglottis in the anterior 
larynx. Particular em phasis is placed on ossification of the thyroid cartilage and the relationship between the vascular network of the glot- 
tic and subglottic macosa and the tissues immediately in front of the larynx. 


Of the variou: regions of the larynx, the anterior 
commissure provides perhaps the greatest challenge 
to the investigator; there is no agreement concern- 
ing its boundargés and its morphology also is con- 
troversial. 


In 1979 we pı biished a paper about the anterior 
commissure in vhich we emphasized the existence 
of a small zone designated as “plane zero,” which 
separates the stpraglottis from the glottis at the 
most anterior poction of the larynx. The existence of 
this plane has been demonstrated by serial horizon- 
tal sections of nermal human larynges. 


Although the anterior commissure tendon and 
the thyroepiglottic ligament have a similar constitu- 
tion (fibers, glaads and vessels) it is important to 
note that of all -hese elements only the fibers pro- 
vide true contin 1ity. These facts suggested the hy- 
pothesis that there is a small zone immediately 
above the anterier commissure in the midline larynx 
where the glands are absent and where the mucosa 
is separatec fram the thyroid cartilage only by 
fibers. The designation of this small zone as “plane 
zero” was preferred to a more general label such as 
“interglottic-supcaglottic plane” because the con- 
cept of “plane zero” is only valid at the anterior 
midline of the lerynx and not at other locations. 


Plane zero, waich constitutes the histologic 
separation between the supraglottis and the glottis 
at the most anterior portion of the larynx, has a 
macroscopic expression. In fact if we follow the su- 
perior face of on- of the vocal cords with a stylet we 
can pass to the epposite side without difficulty. In 
this way we hyp dtnesized a separation between the 
supraglottis and żhe glottis at the most anterior por- 
tion of the larynx. We do not separate the glottis 
from the subglottis because there is no possible sep- 
aration at the arterior portion of the larynx. For us 
the anterior commissure constitutes not only the 
most antericr pact of the glottis but also the antero- 
superior limit of a more vast region, the glottic-sub- 


glottic region, where the conus elasticus is signifi- 
cant. For several years we were attracted by the ar- 
terial vasculature of the larynx,™* and we decided 
to study the macrovasculature and microvascular 
distribution of arterial blood to the anterior com- 
missure. 


METHODS 


The results’? concerning the vasculature of the anterior commis- 
sure were obtained by the study of 95 human larynges obtained at 
necropsy. In 57 specimens the macrovasculature was studied us- 
ing portmortem angiography. Micropaque® (Damancy Co.) us- 
ually was injected into the right primitive carotid. In 34 spec- 
imens the arteriograms were then controlled by the anatomic dis- 
section end in 23 specimens the cleared method was used for this 
purpose. 


In 38 specimens angiography was used to study the microvascu- 
lature also. Micropaque in a dilute form was used, and sections 
400-500, thick were obtained at several levels of the larynx. 


We obtained a specific angiographic pattern for each part of 
the larynx, and found a clear correlation between histological 
structure and microvascular configuration. In this study cross sec- 
tions were compared with angiograms. 


RESULTS 


Since we were unable to find a uniform taxonomy 
of laryngeal arteries in the literature,**° we con- 
sider a simple classification in which the name cor- 
responds to the site where the artery enters the 
larynx, as suggested by Terracol and Guerrier.°® 
Three major arteries are identified (Fig. 1A,B): the 
superior laryngeal artery usually penetrates the 
larynx through the thyrohyoid membrane; the an- 
teroinferior laryngeal arteries perforate the crico- 
thyroid membrane; the posteroinferior laryngeal 
artery enters the larynx posteriorly. 


While on each side there is only one superior 
laryngeal and one posteroinferior laryngeal artery, 
the anteroinferior laryngeal arteries may differ in 
number; usually there are three, one medial and 
two peramedial (right and left). 


The anteroinferior laryngeal arteries seem to be 
the most controversial with respect both to their 


From the Department of Otolaryngology, Faculdade de Medicina, Lisbon, Portugal. 
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Fig. 1. A, B) The laryngeal arteries. LS - Superior 
laryngeal artery; LAIs - Anteroinferior laryngeal arteries: 
medial (1), paramedial (2); LPI - Posteroinferior laryngeal 
artery. 


number and importance. If observed only at the 
level of the cricothyroid membrane, the short 
courses suggest that they are vessels of secondary 
importance. If, however, we follow these arteries 
within the larynx their role is more readily ap- 
parent. 


The paramedial anteroinferior laryngeal arteries 
join to form a longitudinal intralaryngeal arcade;? 
and the medial anteroinferior laryngeal artery sup- 
plies the subglottic mucosa and the anterior com- 
missure.? 


We verified the existence of the medial anteroin- 
ferior laryngeal artery in 97% of the larynges ex- 
amined; in 60% of these, there was only one artery 
which either divided before reaching the middle 
part of the cricothyroid membrane, or remained as 
a single vessel; in 40% there were two separate 
arteries at origin. 


In order to observe the course of arteries after 
they perforate the cricothyroid membrane, the 
cleared method is useful. In this method the vascu- 
lar system is injected and the extravascular tissues 
are homogenized chemically, or “cleared.” If we 
then open the larynx posteriorly and view the anter- 
ior larynx from behind, it is possible to see the distri- 
bution of the medial anteroinferior artery (Fig. 2). 


We verified that this artery(ies) follows an ascend- 
ing course toward the anterior commissure. One 
branch of this vessel supplies the subglottic mucosa; 
thus we named it the transverse branch of the vocal 
cord mucosa.’ 


In the cases where there was only one medial an- 
teroinferior laryngeal artery, the vessel bifurcated 
to form a right and left branch before reaching the 
anterior commissure (Fig. 2); in other cases these 
two arteries have a longer course, being separate at 
the point of origin, the cricothyroid ligament. In 
both cases we observed the existence of two arteries 
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Fig. 2. The intralaryngeal vasculature (cleared method). 
The erior face of t my pealis was longitudinally sectioned 
and the lumen of the larynx was exposed as indicated in the 
insert. CA - Anterior commissure. 1 - Ascending branch 
supplying the anterior commissure (note bifurcation); LS 
- Superior laryngeal artery; CV - Plane which passes 
thrøugh the free border of the voeal cord; IG - Vascular 
network of the subglottis; rt - Transverse branch of the 
mucosa of the vocal cord. 





(one right and one left) following an ascending 
course to the commissure, as reported by Pearson.‘ 
These arteries assume a particular importance be- 
cause we have not observed the existence of other 
vessels specifically supplying the anterior com- 
missure, coming from either the supraglottic or the 
glottic vasculature. These observations are not in 
agreement with those of other authors.’ * 


Concerning the vessels of the supraglottis, we do 
not observe any supplying the anterior commissure. 
The vessels existing at the level of the thyroepiglot- 
tic ligament were not related with those of the 
anterior commissure. This fact confirms the notion 
of “plane zero” referred to previously.’ 


Microangiography permitted us to observe the 
configuration of the two arteries of the anterior 
commissure. Figure 3 shows cross sections of these 
arteries. The arteries of the anterior commissure are 
situated inside the fibers of the conus elasticus, and 
branch arteries supply the numerous glands and the 
mucosa existing at this level. 


In microangiograms the vocal ligament appears 
as an avascular shadow situated between the'vascu- 
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Fig. 3. Microangiography of a horizontal section at the 
level of the anterior commissure. Note the interruption of 
the vascular network of the internal perichondrium of the 
thyroid cartilage. CT - Thyroid cartilage; 1 - Arteries of 
the anterior commissure; 2 - Vocal ligament; 3 - Thyro- 
arytenoid muscle. 


lature of the musc_es outside the conus elasticus and 
the vascular network of the mucosa. Inside the 
conus elasticus, vescular configuration corresponds 


to that of the glards (Fig. 3). 


The relationshid of the anterior commissure to 
the thyroid cartilage was also evident in the micro- 
angiograms. The vasculature of the internal peri- 
chondrium of the thyroid cartilage is interrupted at 
the anterior commissure (Figs. 3 and 4), and there 
appears to be an avascular zone at the origin of the 
vocal cords in the thyroid cartilage. These findings 
agree with those of other authors.*”° 


Microangiography provided further information 
on the ossification process (Figs. 3 and 4). The seg- 
ment of the thvroid cartilage situated in front of the 
anterior commissure ossifies early in the develop- 
mental process. Tae microangiograms show no ho- 
mogeneous radiologic density characteristic of the 
cartilaginous tissue (Fig. 3), and the “cartilage” ap- 
pears as heterogeneous shadows (Fig. 4). This re- 
flects the replacement of cartilaginous tissue with 
bony tissue which is accompanied by the appear- 
ance of vessels inside the “ossified cartilages” (Fig. 
4).>410 Differences between the cartilage zones still 
in the cartilaginous phase and those where the ossi- 
fication process has already started can be seen in 
Figure 4. 
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Fig. 4. Microangiography of a horizontal section at the 
anterior commissure. Notice the interruption of the 
vascular network of the internal perichondrium of the 
thyroid cartilage and the alterations due to the ossification 
of the thyroid cartilage (See Fig. 3). 


SUMMARY 


This study of the vasculature of the anterior com- 
missure included macroscopic examination of the 
laryngeal arteries as well as microvascular analysis 
at various levels of the larynx. 


The results indicate a separation of the anterior 
commissure from the supraglottis between the an- 
terior commissure and the thyroepiglottic ligament. 
These facts are relevant to the assessment of tumors 
originating in or spreading to the anterior commis- 
sure. 


The study also revealed that there is no separa- 
tion at the most anterior part of the larynx between 
the glottis and the subglottis. In this glottic- 
subglottic region the glands and vessels are con- 
tinuous. 


We think that is important to emphasize that the 
vasculature of the anterior commissure as well as 
that of the mucosa and submucosa of the subglottis 
derives from the medial anteroinferior laryngeal 
artery. This fact suggests a close relationship be- 
tween the anterior commissure and the tissues im- 
mediately in front of the larynx at the level of the 
cricothyroid ligament. The significance of these re- 
sults for local and regional spread of subglottic tu- 
mors is an important subject for further research. 
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ELECTRONYSTAGMOGRAPHY IN CONGENITAL AND ACQUIRED 
SYPHILITIC OTITIS 


WILLIAM R. WILSON, MD 


BOSTON, MASSACHUSETTS 


MICHAEL ZOLLER, MD 


SAVANNAH, GEORGIA 


This study is an analysis of the electronystagmogram (ENG) changes in 17 patients with luetic vestibular disease with early and late 
acquired syphilis and congenital syphilis. Vestibular disturbances occurred in 80% of patients with luetic otitis. Among these patients the 
ENG gives signs of peripheral rather than central vestibular injury, and reduceďdvestibular response to caloric stimulation is the most com- 
mon finding. Congenital syphilis patients have the greatest dysfunction, both in degree of ENG changes and incidence of bilaterality. We 
found no correlation between FTA-ABS levels and the amount of hearing impairment or vestibular injury. Treatment with penicillin and 
steroids had a beneficial subjective effect upon the symptoms of vertigo in over-half the patients. 


Luetic vestibular disease is a frequent concomi- 
tant of syphilitic hearing loss. Among our patients 
80% with serum FTA-ABS-confirmed luetic otitis 
had complaints of dizziness sometime during the 
course of their illness.' In a few this was the present- 
ing complaint. Vestibular dysfunction secondary to 
syphilis is not a rare disorder. Even though a 
positive FTA-ABS test does not prove the presence 
of luetic ear disease, a positive FTA-ABS test is 
found in 6.5% of patients with otherwise unex- 
plained sensorineural hearing loss? and in 7 % of pa- 
tients with cochleovestibular disorders diagnosed as 
Meniere’s disease.’ 


It is well known that the inner ear is one site of 
predilection for long-term progressive spirochetal 
injury, and this fact is at least partly due to the 
failure of earlier penicillin dosage schedules to 
achieve spirocheticidal penicillin levels in cere- 
brospinal fluid*-® and the fluids of the inner ear.’* 
The otologic symptoms of hearing loss and vertigo 
of late congenital syphilis or tertiary syphilis are 
often indistinguishable from Meniere’s disease.’ The 
reason for this can be best understood from the 
otopathology. A luetic infection of the inner ear 
progresses from a mononuclear leukocytic infiltra- 
tion, with advancing obliterative endarteritis and 
osteitis, to increasing fibrosis that results in an end 
stage characterized by endolymphatic hydrops and 
progressive degeneration of the membraneus laby- 
rinth.'° 


The purpose of this study is to gain further insight 
into the vestibular injury that results from acquired 
and congenital syphilitic otitis, and the effects of 
our treatment upon symptoms of vertigo and vestib- 
ular abnormalities as measured by electronystag- 
mogram (ENG). 


SUBJECTS AND METHODS 


The authors examined the ENGs of 17 patients previously eval- 
uated and treated at the Massachusetts Eye and Ear Infirmary 
and in the Genito-urinary Infectious Disease (GID) Clinic main- 
tained by the Department of Dermatology, Massachusetts Gener- 
al Hospital. Many were included as patients in a previously re- 
ported study of hearing improvement following combined peni- 
cillin and steroid therapy.' 


This group of patients all have serologically confirmed luetic 
cochleevestibular disease. There are 12 males and five females 
who ramge in age from 21 to 68 years, with a mean age of 46.4 
years. By careful review of the hospital records, seven patients 
could be confirmed as having late congenital syphilis. Of the re- ° 
mainder, two patients had secondary acquired syphilis manifest 
by a luetic skin rash and simultaneous otologic involvement, and 
the remaining eight patients had tertiary acquired syphilis with 
progressive sensorineural hearing loss that often fluctuated (Table 
1). All patients had a positive FTA-ABS or Treponema pallidum 
immobilization test as specific evidence of spirochetal antibodies. 
All patients had suffered hearing loss of some degree during the 
course of their illness (Table 2), however only 12 patients had 
known vertigo. Both the degree of hearing loss and symptoms of 
vertigo were most severe in the congenital luetic patients (Table 


3). 


The ENGs were performed using D-C recording equipment in 
a darkened room. The testing included calibration, head shaking, 


TABLE 1. COMPARISON OF PATIENTS STUDIED FOR AGE, TYPE OF SYPHILITIC INVOLVEMENT, 
AND YEARS WITH THE DISEASE (N = 17) 





No. Years with Lues 


No. Pts. M F Age* (yr) Range Mean 
Secondary 2 2 0 30 <I <l 
Tertiary 8 6 2 49 1-38 16 
Congenital 7 4 3 45 33-63 46 
Totals 17 12 5 


M - Male; F - Female. 
*Mean - 46.4 years. . 


From the Department of Otolaryngology, Harvard Medical School and the Massaehusets Eye and Ear Infirmary, Boston, Massachusetts. 
REPRINTS — William R. Wilson, MD, Massachusetts Eye and Ear Infirmary, 243 Charles Street, Boston, MA 02114. 


TABLE 2. SUMMARY OF HEARING LEVELS IN PATIENTS 
STUDIED (N = 17)* 





Mean Dis- 

Mean crimination 

No. SRT (dB) Score (%) 

Pts. AS AD AS AD 

Secondary 2 35 45 70 72 
Tertiary 8 44 54 70 60 
Congenital i 70 54 20 50 


SRT - Speech reception threshold. 


“Among the patients studied, the hearing became progressively worse 
with each succeeding trpe of syphilis, from secondary to congenital. 


pendulum tracking, gaze tests, optokinetic tests, and hyperven- 
tilation tests. The patients were studied for spontaneous horizon- 
tal and vertical nystagmus. Positional tests included cervical posi- 
tioning tests, right and left lateral and supine-positioning tests, 
and right, left and micline head hanging, each followed by an 


TABLE 3. SUMMARY OF PATIENTS WITH PRESENCE 


OF VERTIGO (N = 17) 
No. Vertigo* % 





Secondary 2 0/2 0 
Tertiary 8 5/8 60 } 50 
Congenital 7 7/7 100 


“All patients with congenital syphilis suffered vertigo while only half the 
acquired syphilitics were affected. 


abrupt return to the erect sitting position. Classic Hallpike water 
calorics were used as a measure of lateral canal function. If no 
response was obtained, 10 cc of ice water were used to confirm 
the absence of vestibular function. Five patients, four with ac- 
quired and one with congenital syphilis, had ENG evaluations 
prior to and subsequent to penicillin and/or steroid therapy. 


TABLE 4. SUMMARY OF ENG INTERPRETATIONS’ 
=17 





Secondary Tertiary _ Congenital 


Normal 2 2 0 
Unilateral PVSD 0 3 ] 
Bilateral PVSD 0 l 4 
Nonlocalizing 0 2 0 
PVSD + central signs 0 0 0 
Central 0 0 0 

Totals 2 8 7 


PVSD - Peripheral vestibular system dysfunction. 


* All the ENGs were imer>reted as peripheral, although there were cen- 
tral signs on two tracings anong the congenital syphilis patients. 


Treatment consisted of a three-month course of benzathine 
penicillin G, 2.4 million units administered intramuscularly each 
week, and when not contraindicated, 80 mg of prednisone orally 
every other morning. 
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TABLE 6. SUMMARY OF POSITIONAL TESTS (N = 17) 


Nystagmus* 
No. Directional Directional 
Pts. None Fixed Changing 
Secondary 2 ] l 0 
Tertiary 8 4 3 l 
Congenital 7 l 4 2 


*Positional nystagmus was another common finding on the ENGs. 


RESULTS 


The ENGs demonstrate that congenital and ac- 
quired syphilis patients suffer primarily from a 
peripheral vestibular injury. There is an increasing 
magnitude of vestibular dysfunction, beginning 
with the secondary lues patients who have few, to 
the congenital syphilis patients who have the 
greatest number of ENG abnormalities. There was 
very little indication of central vestibular system 
dysfunction, except among the congenital syphilis 
patients, who had an occasional feature on the trac- 
ings of possible central pathology (Table 4). How- 
ever, in most instances, these findings were at- 
tributed to the fact that many of the congenital pa- 
tients suffer from reduced vision secondary to in- 
terstitial keratitis, which affects performance on the 
tests of central vestibular function such as the pen- 
dulum test (slow pursuit test), optokinetic and gaze 
tests. 


Ten of 12 patients with complaints of vertigo had 
an abnormal ENG with an abnormal caloric test. 
Of those patients with no complaints of vertigo, the 
ENGs were normal or had minor changes, princi- 
pally directional preponderance. 


The most common feature of the ENG abnormal- 
ity associated with syphilitic otitis is a unilateral or 
bilateral reduced vestibular response (Table 5). Di- 
rectional fixed spontaneous nystagmus, or direc- 
tion-fixed nystagmus evoked by positional testing, 
were also common features of these ENGs (Table 
6). Direction-changing nystagmus was seen on only 
three of the ENGs, despite the prevalence of bi- 
lateral vestibular disease, especially among the pa- 
tients with congenital syphilis. Five of seven of the 
congenital syphilis patients had eye disease. Only 
one patient with presumed acquired syphilis had 


TABLE 5. SUMMARY OF CALORIC* RESPONSES IN PATIENTS STUDIED (N=17) 
aaa EEE EEE EE 


Reduced 
Vestibular Canal 


No. No. 


Bilateral 
Abnormal 


Directional Caloric 


Pts, Ears Normal Response { Paresis} Absent Preponderance Response 


Secondary 2 4 3 
Tertiary 8 16 12 
Congenital 7 14 ] 


*Hallpike calorics 30 and 44C, and 10 cc ice water, 


0 0 0 0 
] l 2 0 
9 4 0 6 


t The reduced vestibular response was the most common finding on the ENGs. There were 5 abnormally functioning horizontal canals among 10 patients 


with acquired syphilis, and 13 among the 7 congenital syphilis patients. 


{Canal paresis - Response of 7°/sec or less, but having response to ice water. 


$Absent - No response -o ice water. 
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TABLE 7. SUMMARY OF FTA-ABS LEVELS: CORRELATION* TO HEARING LOSS AND VESTIBULAR INJURY (N= 17 





Hallpike 
Level No. Mean SRT Calorics 
FTA-ABS Pts. Secondary Tertiary Congenital AU No. Normal 
Bdln. l l 40 0 
l+ 6 2 4 66 0 
2+ 3 l l l 63 l 
3+ 4 4 40 l 
4+ 3 l l l 43 2 


SRT - Speech reception threshold; AU - Both ears; Bdln - Borderline. 


*There is no direct correlation between FTA/ABS levels and type of syphilis or degreeof hearing loss. In general, the patients with acquired syphilis have 
the higher titers. The FTA/ABS once positive, remains positive, and is unaffected by treatment; however, the titer levels tend to diminish with time. 
Therefore, the patients with congenital syphilis have lower titers associated with greater hearing loss and a 100% incidenc2 of vertigo. 


keratitis. This patient stated that the syphilis was 
contracted during World War II. 


The relationship of reagin tests to specific anti- 
body tests in luetic hearing loss, and the response of 
patients with syphilitic hearing loss to treatment, 
have been discussed in our previous papers.'? It is 
clear that hearing loss and ENG abnormality do not 
correlate directly with FTA-ABS levels. Nonethe- 
less, the degree of hearing loss is paralleled by the 
vestibular symptomatology, and the vestibular ab- 
normality as measured by ENG. The poorest hear- 
ing is found among the congenital syphilis patients 
who have the most abnormal ENGs. 


All the congenital syphilis patients in this study 
suffered from vertigo, while only half or less of the 
patients with acquired lues had complaints of dizzi- 
ness or imbalance (Table 7). The ENGs reflect this 
difference. Two of the eight patients with acquired 
tertiary syphilis had normal ENGs, two had changes 
other than caloric test abnormalities. Only half had 
peripheral vestibular system dysfunction marked 
enough to produce a reduced vestibular response 
with Hallpike testing. On the other hand, all seven 


of the congenital luetic patients had reduced canal 
function, and three patients had absent caloric re- 
sponse in both ears. The congenital luetic patients 
have increased bilaterality and also more severe ves- 
tibular disease. 


Table 8 illustrates the changes in symptoms and 
ENG ‘tindings in five patients who had ENGs prior 
to and following treatment. Three of the five ENGs 
of patients treated with our regime of penicillin and 
steroids demonstrated objective evidence of im- 
proved peripheral vestibular system function. Four 
of five patients noted subjective improvement in 
vertigo. 


Table 9 illustrates the subjective improvement of 
symptoms in 12 vertiginous petients treated. All the 
congenital syphilis patients in this study suffered 
from vertigo, while only half or less of the acquired 
syphilis patients had complaints of dizziness or im- 
balance. The response to this therapy was satisfac- 
tory in a majority of the patients with vertigo. 


DISCUSSION 


At this time we are not certain that syphilitic 


TABLE 8. ENG READINGS BEFORE AND AFTER LUETIC THERAPY’* (N =9) 
E 


Patient Type 


No. of Lues ENG Data Rx Comment 


] A-3 ENG 1: Absent caloric,f AS; paresis,f AD. S ENG: unchanged. 
ENG 2: Absent caloric,t AS; paresis,f AD. Symptoms: continued hearing loss, 
vertigo improved 
2 A-3 ENG 1: PN-C, normal caloric. AD; AS responds to P/S ENG: improved 
ice water only. Symptoms: improved. 
ENG 2: PN-F, normal caloric, AD; AS responds to cool water, 
but not to warm. 
3 A-3 ENG 1: PN-F, LDP on calorics. P/S ENG: improved. 
(rein- Symptoms: patients had no vertigo pre 
fection) ENG 2: No PN, normal calories. or post Rx. 
4 A-3 ENG 1: Pend T:§ II; RSHN, PN-F, unilateral RVR.{ P/S ENG: probably improved. 
ENG 2: Pend T:§ III; no RSHN, no PN, unilateral RVR{ Symptoms: improved vertigo. 
5 G ENG 1: Pend T:§ III; RVR,$ AU. P/S ENG: unchanged. 


ENG 2: Pend T:§ III; RVR,$ AU. 


Symptoms: improved vertigo. 


RSHN - Right spontaneous horizontal nystagmus; PN-C - Direction changing postitional nystagmus; PN-F - Direction fixed positional nystagmus; Pend 
T - Pendulum test; RVR - Reduced vestibular response; P - Penicillin; S - Steroids; Rx - Treatment; LDP - Left directional preponderance. 


*The effect of treatment on the ENG findings is not clear-cut. Three tracings were thought to be improved. 


tAbsent caloric is no response to 10 ce ice water. 


{Canal paresis is a response to 7°/sec or less but having a response to ice water. 
§RVR indicates there is a 15% or greater reduction in the maximum speed of the slow phase in the most affected ear, unless that response is 7°/sec or less. 


§ Pendulum test is scored I-IV according to method of Benitez;'' type I is sinusoidal eurves, type II is superimposed nonrystagmic movements, type III is 
superimposed nystagmic or saccadic movements, type IV is ataxic eye movements. 
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TABLE 9. SUBJECTIVE RESPONSE TO THERAPY FOR VERTIGO OF LUETIC ORIGIN (N = 12*) 
SSsoOoTlwweee L I N E aooo 


Treatment Vertigo 
No. Pts. P S P/S Unknown Unchanged Inprovedt 
Tertiary 5 l 1 3 2 0 3 
Congenital 7 0 0 6 0 3 4 


P -Benzathine penicilin G 2.4 million units parenterally q week x 12; S - Prednisone 80 mg/q o AM/30 days. 


*One patient was ‘reated earlier. 


tThere was better then 50% subjective improvement in vertigo among all patients treated. 


otitis can be arrested. Previous dosage schedules for 
penicillin were too low to produce spirocheticidal 
doses of drug in the CSF and inner ear fluids of 
syphilis patients. As a result, patients who received 
penicillin injections years ago are returning with 
luetic otologic or ophthalmic disease without other 
evidence of the syphilis.2*'*'* Reagin antibody 
studies involving serum and cerebral spinal fluid 
from these patients are too frequently negative to be 
reliable. The seram FTA-ABS must be used routine- 
ly to confirm syphilitic otitis in unexplained hearing 
loss or vertigo, despite the otherwise negative his- 
tory. We have feund that a majority of previously 
treated patients will tell you they have never had 
syphilis.’ Only by proper identification of patients, 
appropriate treatment, and long-term follow-up can 
the pathophysiology of this disease be understood. 


From the data in this study, it appears that con- 
genital syphilis has a more injurious effect upon the 
inner ear than acquired syphilis. There may be two 
factors involved. First, the fetus is exposed to the 
circulating spiroehete without the benefit of a de- 
veloped intrinsic immune response or treatment for 
nine months.'* This probably ensures that both eyes 
and both ears become seeded with the bacteria. All 
seven of our congenital syphilis patients had bi- 
lateral hearing loss, and of 14 ears, only one lateral 
canal was functioning within the normal range. On 
the other hand, the acquired syphilis patient may 
receive some treatment prior to complete dispersal 
of the infection. Second, time elapsed from the 
onset of infection is certainly important. While the 
mean age of the congenital syphilitic is 45 years, 
and that of the acquired tertiary syphilitic is 49 


years, the average congenital patient has probably 
had the disorder at least 15-20 years longer than the 
acquired patients in this study. 


It has been our clinical impression, confirmed by 
this chart review, that symptoms of vertigo secon- 
dary to luetic cochlear-vestibular disease do re- 
spond to penicillin and steroid therapy. The follow- 
up on these patients ranges up to four years and the 
results to date appear long lasting. As permanent 
hearing improvement occurred in only 15% of pa- 
tients treated, improved vertigo in a higher per- 
centage was a further welcomed benefit of 12 weeks 
of treatment. 


CONCLUSIONS 


1. Late congenital and acquired syphilis results 
in a peripheral rather than central vestibular in- 
jury, as measured by ENG. The most common fea- 
ture of the ENG abnormality is a unilateral or 
bilateral reduced vestibular response. 


2. Congenital syphilis patients have the greatest 
vestibular system dysfunction, both in degree and 
incidence of bilaterality. There is a high correlation 
between symptoms and ENG findings. 


3. FTA-ABS levels do not correlate with degree 
of hearing loss or vestibular injury. The latter are 
related to the length of infection and most probably 
also the timing and dosage of proper treatment. 


4. Penicillin and steroids in the dosages described 
have a beneficial subjective effect upon the symp- 
toms of vertigo in over half the patients treated. 
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ELEMENTAL COMPOSITION OF THE DEVELOPING INNER EAR 


MATTI ANNIKO, MD 


ROMUALD WROBLEWSKI, PhD 


STOCKHOLM, SWEDEN 


The elemental composition of the inner ear fluid-filled compartments has been analyzed using the x-ray energy dispersive technique 
(CBA mouse). Special attention has been focused on the maturation of endolyanph. A few days before and after birth the relative peak in- 
tensity of potassium (Rx) in the vestibular endolymphatic compartment was slightly surpassing that in the cochlear part of the labyrinth. 
From the fourth day after birth (DAB) a rapid increase occurred concerning the Rx. The highest Ry was found in the endolymphatic space 
in the basal part of the cochlea followed by that in the vestibular endolymph. The lowest Ry was measured in endolymph of the apical part 
of the cochlea. These obvious differences were abandoned already on the sixth DAB. A mature composition of endolymph was reached on 
the eighth DAB. The present technique does not allew analyses of differences between cochlear and vestibular endolymph with regard to 


minimal shifts. 


INTRODUCTION 


During the embryologic development, the inner 
ear undergoes dramatic changes. Morphologically it 
passes from the otocyst stage organogenesis to cyto- 
differentiation. Physiologically, there is the de- 
velopment of the specific inner ear fluids and ma- 
turation of cochlear and eighth nerve potentials. 
Little, however, is known of the elemental distribu- 
tion in the inner ear under development and espe- 
cially the time for the development of endolymph. 


The latter question is of special interest because 
of the introduction of in vitro techniques for the 
culture of the mammalian inner ear.'-? While com- 
plete maturation of, eg, vestibular hair cells can be 
obtained in vitro* except for their innervation,’ the 
explantation of newborn or adult inner ears is not 
successful with regard to specialized hair cell struc- 
ture® although the hair cell itself can survive for a 
considerable time.’ Also the postnatal secretory 
epithelium reveals cytological changes im vitro.* 


The present study is the first to analyze the ele- 
mental distribution of the developing inner ear 
which follows when the specific composition of en- 
dolymph is reached. According to the reports of An- 
niko and Wroblewski,’ a mature ionic distribution 
was found in the endolymph of the eight-day-old 
CBA/CBA mouse. 


METHODS 


Material. Inner ears from the 13th, 16th and 19th gestational 
day fetuses of the CBA/CBA mouse were analyzed together with 
labyrinths from newborn, 2, 4, 6 and 8-day-old animals. Each 
group consisted of three serial sectioned inner ears. 


The 13th gestational day inner ear anlage is stil! cystic but has 
begun its organogenesis which is completed on the 16th gesta- 
tional day, except for a slight elongation of the eochlear end. 
Cytodifferentiation of most vestibular hair cells is ended on the 


19th gestational day, but for the maturation of their innervation 
which takes place mainly postpartum. Cochlear hair cells are pre- 
sent at birth but the organ of Corti is still immature, as is also the 
stria vascularis which completes its morphological maturation 
during the first week postpartum.'3:":"! 


Methods. The preparation of sections for the x-ray energy 
dispersive analyses and the analytical equipment has been 
described in detail by Wroblewski et al'? and Anniko and 
Wroblewski.’ In addition to the semithick cryostat sections for 
analysis of the elemental distribution, ordinary histological sec- 
tions of the inner ear were prepared, stained with hemotoxylin 
and eosin. All inner ears have been serial sectioned. In some cases, 
one ear from the fetus was taken for immediate freezing in liquid 
propane cooled with liquid nitrogen to — 190 C while -he other 
ear was fixed either in a solution of 3% glutaraldehyde in 0.133 M 
sodium phosphate buffer and prepared for electron microscopy 
(embedding in Epon® mixture) or fixed in 4% formaldehyde, 
embedded in paraffin and serial sectioned for light microscopy. 


The analyses were performed by measuring specific counts for 
each element detected according to P, + B,, P, — B,, B and by 
calculating the relative peak intensity (Rx) for each detected ele-. 
ment using the formula R, = (P-B),/B. The symbols are designed 
as follows: P, -energy quanta counts for the element x, B, 
-background counts for the element x, B -background counts in 
general, R, -relative peak intensity for the element x. 


In addition to these calculations measurements were also made 
of the weight and atomic percentage in the analyzed areas via a 
standarcless analysis computorized program including the preci- 
sion of 3 sigma. All these measurements were performed three to 
five times giving the average values of these repeated mea- 
surements. The K alpha line was used in the calculations of 
detected elements. 


RESULTS 


EMBERYOLOGIC DEVELOPMENT OF THE INNER EAR 
OTOCYST (TABLES 1 AND 2) 

Gestational Day 13. The elemental distribution 
in the cystic space was compared with that mea- 
sured at the adjacent cells. The living otocvst is il- 
lustrated in Figure 1 as also a section through this 
area. A corresponding semithick cryostat section is 
shown in Figure 2. Analysis of the material in the 
otoeyst lumen gives a distinct peak for Cl but peaks 
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TABLE 1. ENE RCY QUANTA RATIO BETWEEN 
DIFFERENT ELEMENTS IN ENDOLYMPHATIC SPACE 
DURING EMBRY JLOGIC AND EARLY POSTNATAL 





DEVELOPMENT* 
Age (days) Cl:a + K CI:K Cl:Na K:Na 
Gestational 
13 | Poy Se | 2.4:1 3.06:1 1.31:1 
16 1.€5:1 1.53:1 2.31:1 1.62:1 
19 0.°8:1 1.21:1 2.21:1 1.84:1 
Birth 0.€5:1 0.97:1 2.02:1 2.08:1 
Postpartum 
2 1.-4:1 1.41:1 3.82:1 2.30:1 
4 -łĦ 0.71:1 -t —] 
6 0.69:1 
8 0.73:1 


*The values indicated are means based on at least three measurements at 
different regions. The ana yses were performed by using the P - B value for 
each measurement. 


tSodium could not be icentified in the basal coil. In the apical coil of the 
cochlea the ratio K:Na was 3.2:1. 


for K, P and Na are also indicated (Fig. 3). As a 
comparison, Figure 4 illustrates the intracellu- 


lar/cytoplasmic elemental distribution showing 
distinct peaks for Na, S, P, Cl and K. 


Gestational Day 16. The vestibular organs and 
the cochlea were easily identified (Fig. 5 A, B). The 
material in the endolymphatic space gave distinct 
but relatively smzll peaks for Cl and K and peaks 
were indicated for Na, S and P in the vestibular part 
of the inner ear (Fig. 6). In contrast, measurements 
from the apical pert of the cochlear endolymphatic 
space resulted in < peak for Cl while the peak for K 
hardly could be identified (Fig. 7). A slight differ- 
ence in the levels cf zhe relative peak intensities was 
obvious in some m2asurements between the vestibu- 
lar and cochlear partitions of the endolymphatic 
space. The ratio af Cl/K approximated 3: 1 for the 
cochlea while ths ratio was only approximately 
1.5: 1 in the vestibular part. 


As compared with the 13th gestational day inner 
ear/otocyst, the relative peak intensity for K was 


TABLE 2. RELATIVE PEAK INTENSITY IN 
ENDOLYMPHATIC SPACE FOR ELEMENTS K, Na and Cl 
DURING EMBRYOLOGIC DEVELOPMENT AND 
POST NATAL MATURATION* 





R 
Age During Development K Na Cl 
Gestation period 
13th day 1.07 1.31 1.81 
16th day 1.75 2.02 2.72 
19th day 2.23 1.90 2.60 
Birth 2.48t 1.297 2.94t 
Postnatal maturation 
2 DAB 2.30 1.24 3.66 
4 DAB 4.55 0 4 4.20 
6 DAB 6.05 0 6.35 
8 DAB 7.10 0 7.00 


*The indicated values -re means based on measurements from at least 
three different regions. DAB - Days after birth. 


tCochlea only. 
{No detectable peak fo Na. 
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Fig. 1. A) Light microscopy of the 13th gestational day 
inner ear (otocyst). a Cross section of otocyst in A. The in- 
ner ear anlage is still cystic but has now several layers of 
cells in the epithelium. The adjacent ganglion (G) can be 
identified easily. 


slightly increased (Table 2). The ratios of K versus 
Cl and Na, respectively, changed, indicating a 
higher amount of K in the 16th gestational day in- 
ner ear, than at the earlier stage of embryologic 
development (Table 1). 


Gestational Day 19. The elemental distribution 
in the endolymphatic space revealed distinct peaks 
for Na, S, P, Cl and K (Fig. 8). The relative peak in- 
tensity in the endolymphatic space had increased 
with regard to K (Rx = 2.23) while that of Cl was 





a wd 
Fig. 2. Scanning electron grooee! of a 16 um thick 
g 


freeze-dried cryostat section through an otocyst. 13th 
gestational day. The lumen is indicated by an asterisk. 
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Fig. 3. Emitted energy histogram (EEH). Full scale (FS) 
1 K. The elemental analysis of the specimen illustrated in 
Fig. 2 gives peaks for sodium (1), sulphur (2), chloride (3) 
and potassium (4). The vertical line above the histogram 
gives the location for potassium. 


approximately the same as compared with the 16th 
gestational day (Re = 2.60) (Table 2). Also the 
ratio K/Na in this compartment had changed from 
1.31:1 on the 13th gestational day, 1.62:1 on the 
16th to 1.84:1 on the 19th gestational day (Table 1). 


POSTNATAL INNER EAR 


Newborn Animals. The maturation process of the 
ionic composition of endolymph continues. The 
ratio of K/Cl is approximately 1:1. There occurs 
twice as much of K as of Na. With regard to the 
relative peak intensities of Na, Cl and E, obvious 
differences are found between the endolymphatic 
and perilymphatic spaces. It has to be noted that 
such differences were not present in the P9th gesta- 
tional day inner ear. In both the endolymphatic and 
perilymphatic compartments distinct peaks were 
identified for S and P (Figs. 9 and 10). 


TWO DAYS AFTER BIRTH. The relative peak intensity 
of K in the endolymphatic space has increased as 
compared with the newborn animal (Fig. 11). The 





Fig. 4. EEH. FS 2 K. The elemental analysis has now 
been performed on cells adjacent to the otocyst lumen. The 
relative peak intensities (R.: x = element analyzed) for 
chlorine (4) and phosphorus (2) are distinctly exceeding 
those for sodium (1), sulphur (3) and potassium (5). X-ray 
microanalysis of biological material gives the elemental 
analysis only and the interference of the chemieal form or 
activity of the elements or the compounds that they may 
represent has to be based on other independent informa- 
tion. ` 
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Fig. 5. A) Light microscopy of 16th gestational day in- 
ner ear. At this stage morphogenesis is ended while cytodif- 
ferentiation of inner ear organs is in progress. The cristae 
ampullares are indicated by large asterisks. The utricle is 
marked with two small asterisks. Large arrow - Saccule 
near the base of the cochlea; Double arrows - Endolym- 
phatic duct; SSC - Semicircular canals; CE - Cochlear end. 
B) Scanning electron microscopy. A 16 um thick freeze- + 
dried cryostat serial section through the vestibular part of 
the inner ear. The outlines of a crista ampullaris (CA) and 
the utricle (U) are indicated. Above the surface of the utri- 
cle otoconia can be observed (unfilled arrow). During sec- 
tioning one otoconia has been removed from its normal 
location as indicated by the small arrow. Elemental 
analysis of these otoconia already gives extremely high 
peaks for calcium. 


Re, too has increased; Na is still identified. The 
ratios Cl/Na and K/Na have increased to 3.82:1 and 
2.30:1, respectively (Table 1). S and P are still iden- 
tified as having rather high relative peak intensities. 





Fig. 6. EEH. FS 1 K. 16th gestational day inner ear. 
Analysis of the elemental content in the endolymphatic 
space of the vestibular labyrinth reveals the identification 
of several elements among other sodium (asterisk), chlorine 
(arrow to the left) and potassium (arrow to the right). 
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Fig. 7. EEH. FS 2 K. 16th gestational day inner ear. 
Apical coil of the cechlea. A distinct peak for chlorine can 
be observed. The location for the potassium peak is in- 
dicated by the vertica line. 


FOUR DAYS AFTER BIRTH. This day indicates an im- 
portant stage in the maturation process of en- 
dolymph. First, Na can no longer be identified (Fig. 
12). Second, the ratio Cl/K has changed to 0.71:1, 
ie, the concentration of K has increased more than 
that of Cl which it now exceeds. In one animal, the 
ratio K/Na was 3.2:1 in the apical coil of the 
cochlea. In contrast no Na could be detected in the 
basal coil. The relative peak intensities for S and P 
remained rather tnchanged. In the perilymphatic 
space the relative peak intensity of Na was slightly 
increased while those for S and P decreased to ap- 
proximately half of the values noted at birth 
(Fig.13). 

When analyzirg the elemental mapping of 
sodium, potassium and chlorine in the tectorial 
membrane, no obwious difference could be found 
between different regions of the membrane. The 
control mapping of background counts confirmed 
that these elements were confined mainly to the tec- 
torial membrane and only a considerably lower 
‘content, according to this method, was found in the 
endolymphatic space concerning potassium and 
chlorine. 


SIX DAYS AFTER BIRTH. A considerable increase of K 
concentration in endolymph occurred. A slight dif- 
ference was found between the apical and the basal 
parts of the cochlea, the former having a lower con- 
centration of K. In elemental distribution no ob- 
vious difference cccurred between the vestibular 
endolymph and that in the basal coil of the cochlea. 
P and S were still identified in relative high concen- 





Fig. 8. EEH. FS 1 K. 19th gestational day. The elemen- 
tal analysis reveals dements similar to those found in an ex- 
tracellular fluid environment. Sodium (asterisk), chlorine 
(arrow to the left), potassium (arrow to the right). Also 
phosphorus and sulphur are identified (peaks to the left of 
that for chlorine). 





Fig. 9. EEH. FS 500. Day of birth. Basal coil of the 
cochlea. Endolymphatic space. There is still no specific 
elemental composition of endolymph. Sodium (asterisk), 
chlorine (arrow to the left), potassium (arrow to the right). 
A high relative peak intensity can be found concerning 
phosphorus (R,) (second peak to the left of that for 
chlorine). Also sulphur (between phosphorus and chlorine) 
is identified. 


trations both in the endolymphatic and peri- 
lymphatic spaces. Elements identified during this 
stage of development were determined also with re- 
gard to weight and atomic percentage including the 
precision of 3 sigma (Table 3). Except the expected 
differences in K concentration between the endo- 
lymphatic and perilymphatic spaces, the weight 
percentage of Ca (Kapna line) was 5.09 in the endo- 
lymphatic space in contrast to 17.46 in the perilym- 
phatic compartment of the inner ear (basal coil of 
the cochlea). The weight percentages of S were 
12.60 and 17.71, respectively, and for P 16.75 and 
16.32, respectively. 


EIGHT DAYS AFTER BIRTH. The endolymph now com- 
prised mature conditions. Both the relative peak in- 
tensities and the weight/atomic percentage of 
elements identified were determined (Fig. 14 and 
Table 4). It has to be noted that the concentrations 
of P, S and Ca (weight and atomic percentage) had 
decreased to very low levels as also Na (Table 4). 
These elements can no longer be distinctly iden- 
tified when analyzing the relative peak intensities 
(Fig. 14). The perilymphatic space revealed a ma- 
ture elemental composition (Fig. 15). 


DISCUSSION 
The present study of the CBA/CBA mouse reveals 





Fig. 10. EEH. FS 1 K. Day of birth. Perilymphatic 
space of the basal coil of the cochlea (scala vestibuli). 
Sodium (asterisk), chlorine (arrow to the left), potassium 
(arrow to the right). 
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Fig. 11. EEH. FS 500. Two days after birth (DAB). En- 
dolymphatic space in the basal coil of the cochlea. 
Although the Rx is increasing and the Ry, is decreasing the 
elemental composition with regard to identified elements 
still shows a rather extracellular type. P - Phosphorus; Cl 
-Chlorine; S - Sulphur; K - Potassium; Na - Sodium. 


that the maturation process of inner ear fluids oc- 
curs postpartum. The unique composition of endo- 
lymph is reached six to eight days after birth. The 
maturation of the ionic/elemental composition of 
endolymph occurs largely parallel to the morpho- 
logical maturation of the cochlea, especially the 
development of the stria vascularis but before the 
development of electrical potentials (Table 5). 


Cochlear hair cells are evident at birth. Fluid 
spaces occur in the organ of Corti by the sixth day. 
By the 14th day the organ of Corti appears morpho- 
logically well developed. *? 


K 
CI 
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Fig. 12. EEH. FS 1 K. Four DAB. Endolymphatic space 
in the basal coil of the cochlea. Maturation of the en- 


dolymph has started. Sodium is no longer identified. Cl 
-Chlorine; K - Potassium. 


Cochlear potentials occur in the mouse first on 
the eighth day after birth and increase gradually to 
adult values by the 14th day.'* On the 9th day N, N, 
recordings can be obtained from the round window 
membrane; also observed is a Preyer reflex. It has 
been suggested that neural activity may develop 
later than hair cell activity since the eighth nerve 
action potential, R, R., was recorded only in 
10-day-old animals.'S 


The comparison of electrophysiological and elec- 
tron microscopical findings on inner ear synapses 


Fig. 13. EEH. FS 1 K. Four DAB. Perilymphatic space 
in the basal coil of the cochlea (scala vestibuli). Sodium 
(Na), phosphorus (P), sulphur (S), chlorine (Cl) and 
potassium (K) are easily identified. 


TABLE 3. WEIGHT PERCENTAGE OF ELEMENTS 
IDENTIFIED IN THE APICAL COIL OF THE COCHLEA 


SIX DAYS AFTER BIRTH* (ENDOLYMPHATIC SPACE) 


Precision 

Element Weight % Atomic % 3 Sigma 
Na 8.62 12.65 3.2] 
P 16.75 18.25 4.10 
S 12.60 13.26 3.78 
Cl 27.44 26.11 6.05 
K 29.50 25.45 6.89 
Ca 5.09 4.29 4.05 


Total 100.00 100.00 


*Measurements are made in the K,,,,. line. 


from a variety of species reveals that morphological 
maturation of both the afferent and the efferent in- 
nervation precede functional capability by two to 
three days, eg, in the rabbit.'® The cochlear func- 
tion with regard to electrophysiology is likely to be 
dependent on a mature composition of inner ear 


fluids. 


A morphological maturation of the inner ear se- 
cretery epithelia should precede the formation of 
the mature composition of endolymph. Anniko"! 
reported a mature ultrastructure in the dark cell 
regien of the vestibular labyrinth at birth except for 
an increase in the number of interdigitations to- 
ward the basal membrane during the first days after 
birth. In contrast, the cells of the stria vascularis 
pass their terminal mitosis postpartum." From the 
studies of Kikuchi and Hilding,'* although not 
detailed, it can be concluded that the stria vas- 
cularis reaches a rapid maturation within the first 
week after birth with regard to main structures 
while, eg, kinocilia on marginal cell surfaces are 
sometimes not lost until the tenth day.’ 


Anatomical, electrophysiological and behavioral 
correlates of the development of the inner ear func- 
tions may vary in different species in the time- 
course relationship. Bosher and Warren’? analyzed 
the electrochemistry of cochlear fluids of the 8th- 
18th day neonatal rat, ie, during the development 
of the endocochlear potential (EP). The ionic com- 
position of endolymph remained unchanged during 
the rapid increase of EP indicating that these two 
processes arise largely independently during coch- 
lear maturation. Thus, in the rat, too, the develop- 


TABLE 4. WEIGHT PERCENTAGE OF ELEMENTS 
IDENTIFIED ON THE EIGHTH DAY AFTER BIRTH IN 
THE BASAL COIL OF THE COCHLEA 


(ENDOLYMPHATIC SPACE).* 


Precision 

Element Weight % Atomic % 3 Sigma 
Na 3.99 6.28 2.05 
P 0.58 0.67 0.77 
S 8.99 10.95 2.96 
Cl 30.87 31.50 6.07 
K 54.62 50.54 9.44 
Ca 0.95 0.86 1.43 


Total 100.00 100.00 


*The measurements are made in the K,,,,. line. 
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Fig. 14. EEH. FS 2 K. Eight DAB. Endolymphatic 
space of the basal ccil in the cochlea. Very high Re, and Rx 
are identified whereas other elements cannot be detected. 
The location for sodium in the emitted energy scale is in- 
dicated by the vertical line. 


ment of the ionic composition of endolymph had oc- 
curred prior to the development of the EP. Histo- 
logical analyses revealed that the cochlea was mor- 
phologically fully mature before the rapid change 
in the EP. However, it was indicated that some 
degree of hypo-osmolality was present in cochlear 
fluids during this period. In the opossum” and the 
rabbit’® the stria vascularis has gained its main mor- 
phology before the onset of the endocochlear poten- 
tial. 


These comparative morphological and electro- 
physiological observations in combination with our 
present study strongly indicate that the stria 





Fig. 15. EEH. FS 2 K. Eight DAB. Scala vestibuli of the 
basal coil of the cochlea. Normal distribution of elements. 
The arrow indicates a peak for Si (silicon) which is con- 
sidered an artifact due to the analytical equipment using a 
crystal made of silicon. 


vascularis is the main source to reach the unique 
ionic composition of endolymph during matura- 
tion. 


The maturation process is in general slightly 
more advanced in the vestibular part of the inner 
ear as compared with the cochlear portion of the 
labyrinth. Curthoys?':?? demonstrated that a certain 
function does in fact occur in the vestibular system 
at birth in the rat. Anatomical evidence has ap- 
peared confirming the appearance of vestibular re- 
ceptors and some innervation (mainly afferents) at 
this stage of development (mouse) .”*:?* The develop- 
ment of the inner ear in mouse and rat has been re- 
ported to be rather parallel.”° 


TABLE 5. MORPHOLOGIC, ELECTROPHYSIOLOGIC AND ELEMENTAL MATURATION OF THE INNER EAR 
IN THE MOUSE* 


Elements in the 


Endolymphatic Space 


Electrophysiological 


Age Morphological Feature (Present Study) Recording Reference 
7 DBB First vestibular HC 23, 24 
5-4 DBB First vestibular afferent NE Extracellular composition 4 
5-3 DBB Differentiation of HC type 1, Minimal increase of K (vestibu- 4, 10 
and type 2; Synapse formation; lar part) 
First cochlear H 
3 DBB First vestibular efferent NE (?) 4 
2-1 DBB Onset cochlear afferent NE Rx: Vestibular surpassing 18, 35 
cochlear (minimal changes) 
Birth Mature dark cells except inter- Onset of EP 20 
digitations 
2-4 DAB Mature dark cells. Onset ma- 18 
turation of stria vascularis 
4-5 DAB Many mature nerve calyces (ves- Na cannot be identified. In- 5 
tibular HC) creasing conc. of K. Rx similar 
in vestibular and cochlear part 
6 DAB Fluid spaces in the organ of High conc. of K 18 
Corti 
8 DAB Mature stria vascularis Mature composition Onset of CM 14 
9 DAB Onset of N1 N2 14 
Onset of Preyer’s reflex 
10 DAB Efferent NE in contact with 18 
cochlear HC Onset of R1 R2 14 
11 DAB Mature Preyer’s reflex 14 
14 DAB Mature organ of Corti Mature cochlear potentials 14, 18 


*The gestational perioc is 21 days when the day for visualization of the vaginal plug is encountered as day 1. DBB - Days before birth; DAB - Days after 
birth; HC - Hair cell; NE - Nerve ending; Rx - Relative peak intensity for potassium (K). 


Conc. - Concentration. 


DEVELOPING INNER EAR 3l 


In correlation with the present findings on the 
formation of endolymph the immature recordings 
of vestibular function at birth?! might be eonnected 
with the increasing potassium content of endo- 
lymph during the first days postpartum. A certain 
difference in potassium content of endolymph, 
measured as relative peak intensity of potassium, 
did in fact occur during a few days before and after 
birth between vestibular and cochlear endolymph, 
the former containing slightly more potassium. 


A description of the maturation process of the 
vestibular EP has not so far been published. Con- 
cerning the mature animal there is no general 
agreement regarding the magnitude of the vestibu- 
lar EP” though it is clearly smaller??? (+5 mV) 
than the corresponding cochlear potential showing 
approximately +80 mV relative to perilymph.”* 
Whether or not this reflects the volume of the secre- 
tory epithelia, the functional capacity of these tis- 
sues, or both in the cochlear and vestibular parts of 
the inner ear, respectively, remains to be further 
analyzed. 


On the fourth postnatal day the relative peak 
intensity for Na had decreased so much that mea- 
surements of its energy quanta became most uncer- 
tain and were in some instances not possible to per- 
form. This phenomenon is one of the first signs of 
the maturation process to reach the final elemental 
compcsition of endolymph. At this stage of postna- 
tal development a difference was observed in the 
endolymphatic space between the basal and the ap- 
ical parts of the cochlea: at apex distinct peaks were 
observed for P and S while these two elements were 
lacking in the first coil. The ratios of Cl: Na + K 
varied — 0.54:1 at apex and 0.73:1 at the base. 
These observations are likely to point at differences 
in the maturation of the stria vascularis between the 
two ends of the cochlea. Structural and physiologi- 
cal maturation in general start in the basal part of 
the cochlea and successively progress apicalward.”° 


The formation of endolymph occurs between the 
fourth and eighth days after birth. According to the 
measurements of the weight percentage of elements 
in endolymph, the potassium concentration had in- 
creased to approximately 55% of the mature level 


on the sixth day after birth (50% if measured with 
regard to atomic weight). Az this stage both phos- 
phorus and sulphur were present in high concen- 
trations (16.75% and 12.60% of total weight, 
respectively) but had decreased to one thirtieth and 
three fourths, respectively, of these concentrations 
on the eighth postnatal day. concentrations which 
are also found in mature endolymph. 


The decrease of sulphur cen be interpreted as be- 
ing due to a decrease in the concentration of total 
proteins. It is a well-known fact that the most im- 
portant primary valence bond between side chains 
of amino acids is the disulphide bond formed by de- 
hydvogenation.*° As the pctassium concentration 
increases the protein content might decrease to 
maintain the same osmotic concentration in toto. 


According to Rauch” the total protein content of 
mature endolymph in cat, guinea pig and man is 
only one third of that in perilymph. This ratio was 
also found in the present study of the mouse on the 
eighth day after birth, a fact that furthermore con- 
firms that adult conditions are reached on this day. 
The drastic changes in phosphorus concentrations 
between the sixth and eighth day after birth indi- 
cate that the maturation process of the ionic compo- 
sition of endolymph is ended and has reached a 
steady state. In the mature endolymph the turnover 
of both sulphur and phosphorus is a very slow pro- 
cess.™ The time relation in the development of en- 
dolymph is unknown in man. Rauch?! has reported 
the analyses of human embryos aged four to eight 
months. A high concentration of potassium was 
found in endolymph on the fourth to fifth embryon- 
ic month (1 case) and adult levels had been reached 
in the seventh gestational month embryo (3 Cases). 


Ethacrynic acid has been shown to act on the 
stria vascularis (ultrastructural and electrophys- 
iological alterations and measurements of ion 
changes in endolymph)?4 while the dark cell 
region has been morphologically unaffected as also 
coneerning ototoxic agents in general except for 
atoxyl.** A certain difference in physiological func- 
tion between these two areas is therefore indicated, 
a fact that may furthermore emphasize the impor- 
tance of the stria vascularis for the initial produc- 
tion of endolymph for the whole labyrinth. 
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ERRATUM 


The Annals regrets the publication of an error in the article, “Foreign Bodies in the Airway: Five-Year Retrospective Study with 
Special Reference to Management,” by Seymour R. Cohen, MD, Wayne I. Herbert, MD, George B. Lewis, Jr., MD, and Kenneth A. Gel- 
ler, MD, which appeared on page 440 of the September-October 1980 issue. In column two, the last sentence in the first full paragraph 
reads as follows. “One milligram [1 mg] doses of atropine are sufficient and may be repeated as necessary.” The sentence should read, 
“One-tenth milligram [0.1 mg] doses of atropine are sufficient and may be repeated as necessary.” 
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herapeutic Choice 
edia in Children 


3actrim demonstrates 94% success rate 
in multicenter studies 


Recommended whenever, in your 
judgment, it offers an advantage over 
other antimicrobial agents 


High efficacy against major otic pathogens 
Bactrimris-highly effective against acute otitis media caused by susceptible 
strains of Str. pneumoniae (D. pneumoniae) or H. influenzae. An overall 
efficacy of 94% was reported in a multicenter evaluation* of 120 patients with 
acute otitis media due to these organisms. The age range was 2 months to 13 
years, with an average of 3 years. 


In vitro spectrum includes ampicillin-resistant 
strains Of H. influenzae 
Note: Clinical information on the efficacy of Bactrim in otitis media due to 


ampicillin-resistant H. influenzae is limited at present; further studies åre in 
progress. 


Useful in patients allergic to penicillins 


Same safety profile as in other indications 


In pooled data* on 238 patients receiving Bactrim for an average of approxi- 
mately 10 days, adverse effects were infrequent and not serious. Although 
serious reactions can occur, none were noted in these studies. Contraindica- 
tions to Bactrim include patients hypersensitiveto its components and 
infants less than two months of age. 


Note: Bactrim should not be usedin the treatment of streptococcal pharyngitis, since the 
incidence of failure has been greater than that of penicillin in eradicating group A beta- 
hemolytic streptococci from the tensillopharyngeal area. 


Economical... BLD...Cherry Flavor 


BACT RIM. 


PEDIATRIC 
me SUSPENSION 


Each teaspoonful (5 mJ) contains 
40 mg trimethoprim and 200 mg sulfamethoxazole. 


Please see following page for summary of product information. 





BACIRIM«€ 


(trimethoprim and sulfamethoxazole) 


Before prescribing, please cosul- complete product information, 

a summary of which follows: 

Indications and Usage: For the treatment of urinary tract infections due to susceptible 
strains of the followiag organisms: Escherichia coli, Klebsiella-Enterobacter, Proteus 
mirabilis, Proteus vulgaris, Proteus morganii. It is recommended that initial episodes of 
uncomplicated urinary tract infec-ions be treated with a single effective antibacterial agent 
rather than the combination. 

Note: The increasing frequency 3f msis:ant organisms limits the usefulness of all antibacterials, especially 
in these urinary tract infections 

For acute otitis media in children due to susceptible strains of Haemophilus influenzae or 
Streptococcus pneumoniae when in physician's judgment it offers an advantage over other 
antimicrobials. Limited clinical information presently available on effectiveness of treat- 
ment of otitis media with Bactrim when infection is due to ampicillin-resistant Haemophilus 
influenzae. To date, there are limited data on the safety of repeated use of Bactrim in 
children under two years of age. Bactrim is not indicated for prophylactic or prolonged 
administration in otis mediaat any age. 

For acute exacerbations of chronic bronchitis in adults due to susceptible strains of 
Haemophilus influenzae or Streptccoccus pneumoniae when in physician's judgment it 
offers an advantage wer a single antimicrobial agent. 

For enteritis due to susceptible strains of Shigella flexneri and Shigella sonnei when an- 
tibacterial therapy istindicate«. 

Also for the treatment of documented Pneumocystis carinii pneumonitis. To date, this drug 
has been tested onlyin patients 9 months to 16 years of age who were immunosuppressed 
by cancer therapy. 

Contraindications: Hypersensitivity to trimethoprim or sulfonamides; pregnancy; nursing mothers; 
infants less than two months of age. 

Warnings: BACTRIM SHOULD NOT BE USED TO TREAT STREPTOCOCCAL PHARYNGITIS. 
Clinical studies show that patients with group A B-hemolytic streptococcal tonsillopharyngitis have higher 
incidence of bacteriologic failure-when treated with Bactrim than do those treated with penicillin. Deaths 
from hypersensitivity resctions, agranu ocytosis, aplastic anemia and other blood dyscrasias have been 
associated with sulfonamides. Experience with trimethoprim is much more limited but occasional interfer- 
ence with hematopoiesi: has beenereported as well as an increased incidence of thrombopenia with 
purpura in elderly patiemts on certain duretics, primarily thiazides. Sore throat, fever, pallor, purpura or 
jaundice may be early sixns of serious blood disorders. Frequent CBC's are recommended; therapy should 
be discontinued if a sign f cantly reduced count of any formed blood element is noted. 


Precautions: Use cau! ously in patierts with impaired renal or hepatic function, possible folate deficiency, 


severe allergy or bronchial asthma In patients with glucose-6-phosphate dehydrogenase deficiency, 
hemolysis, frequently des2-relatec. may occur. During therapy, maintain adequate fluid intake and perform 
frequent urinalyses, wit!) careful microscopic examination, and renal function tests, particularly where 
there is impaired renal function. Bactrim may prolong prothrombin time in those receiving warfarin; 
reassess coagulation time when acminstering Bactrim to these patients. 

Adverse Reactions: M'lmajor reacticns to sulfonamides and trimethoprim are included, even if not 
reported with Bactrim. Weod dyscrasias: Agranulocytosis, aplastic anemia, megaloblastic anemia, throm- 
bopenia, leukopenia, hemolytic anemia, purpura, hypoprothrombinemia and methemoglobinemia Allergic 
reactions: Erythema multiñorme, Stevems-Johnson syndrome, generalized skin eruptions, epidermal 
necrolysis, urticaria, semum sickness, pruritus, exfoliative dermatitis, anaphylactoid reactions, periorbital 
edema, conjunctival anc scleral in=ction, photosensitization, arthralgia and allergic myocarditis. Gastro 
intestinal reactions: Glossitis, stomatits, nausea, emesis, abdominal pains, hepatitis, diarrhea and 
pancreatitis. CNS reactivns: Headache, peripheral neuritis, mental depression, convulsions, ataxia, hallu- 
cinations, tinnitus, vertige, inscmma, apathy, fatigue, muscle weakness and nervousness. Miscellaneous 
reactions: Drug fever, chills, toxic aept rosis with oliguria and anuria, periarteritis nodosa and L.E. phe- 
nomenon. Due to certam chemicaksim:larities to some goitrogens, diuretics (acetazolamide, thiazides) and 
oral hypoglycemic agents, sulfonamides have caused rare instances of goiter production, diuresis and 
hypoglycemia in patients; cross-sensitivity with these agents may exist. In rats, long-term therapy with 
sulfonamides has produced thy-ole ma ignancies. 

Dosage: Not recommended for in“ants less than two months of age. 

URINARY TRACT INFECHONS ANDSHIGELLOSIS IN ADULTS AND CHILDREN, AND ACUTE OTITIS MEDIA IN 
CHILDREN: 

Adults: Usual adult dosage for urinary tract infections —1 DS tablet (double strength), 2 tablets (single 
strength) or 4 teasp. (20 ml) b. .d for 10-14 days. Use identical daily dosage for 5 days for shigellosis. 
Children: Recommende:! dosage fer children with urinary tract infections or acute otitis media —8 mg/kg 
trimethoprim and 40 mg/«g sul/aneethoxazole per 24 hours, in two divided doses for 10 days. Use identical 
daily dosage for 5 days for shigellosis. 

For patients with renal smpairrrent Use recommended dosage regimen when creatinine clearance Is 
above 30 ml/min. If creatinine clearan ze is between 15 and 30 ml/min, use one-half the usual regimen. 
Bactrim is not recommended if creatinne clearance is below 15 ml/min. 

ACUTE EXACERBATIONSAGF CHPOMC ERONCHITIS IN ADULTS: 

Usual adult dosage: | DS tablet (deuble strength), 2 tablets (single strength) or 4 teasp. (20 ml) b.i.d. for 
14 days. 

PNEUMOCYSTIS CARINE PNEUMONITIS: 

Recommended dosage: 29 mg/kg ‘rimethoprim and 100 mg/kg sulfamethoxazole per 24 hours in equal 
doses every 6 hours forle days See ccmplete product information for suggested children’s dosage table. 
Supplied: Double Strewgth (DS) @blers, each containing 160 mg trimethoprim and 800 mg sulfamethoxa- 
zole, bottles of 100; Tel-E-Dose ® packages of 100; Prescription Paks of 20 and 28. Tablets, each containing 80 
mg trimethoprim and 400 mg sulfamethoxazole — bottles of 100 and 500; Tel-E-Dose* packages of 100; 
Prescription Paks of 40. Aediatric susp2nsion, containing in each teaspoonful (5 ml) the equivalent of 40 mg 
trimethoprim and 200 mg-sulfamethoxezole; cherry flavored—bottles of 16 oz (1 pint). Suspension, contain- 
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AMERICAN SOCIETY 
FOR 
HEAD AND NECK 
SURGERY 


announces the establishment of an 


ACADEMIC FELLOWSHIP 


to be awarded for up to three months’ training 
involving either clinical or research experience 
following completion of an accepta le resi- 
dency or fellowship in head and neck surgery. 
This period must be spent in an institution 
ae than the primary residency or fellow- 
ship. 


The award will be available in 1981. 
Stipend: $5000. 


For further information please communi- 
cate with: Paul L. Chodosh, MD, 801 West- 
minster Avenue, Hillside, NJ 07205. 
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QUANTITATIVE HISTOLOGY OF THE MUCOUS MEMBRANE OF THE 
ACCESSORY NASAL SINUS AND MASTOID CAVITIES 


MICHAEL J. HARRIS, PhD ROBERT A. SCHLENKER, PhiD 


ARGONNE, ILLINOIS 


The mucous membranes of the accessory nasal sinuses and of the mastoid labyrinth were measured in undecalcified ,splastic-em bedded 
specimens from nonpathologic postmortem cases. Epithelial thicknesses, lamina propria thicknesses and the ratio of nuclear to total cell 
area of the epithelia are presented for these organs to provide a quantitative basis for dosimetric calculations of alpha-emitting ra- 
dionuclides. These data will be of value for studies in populations at risk for head carcinomas from the intake of radium and related 


nuclides. 


This study began from a need to support 
dosimetric investigations on persons who have re- 
ceived occupational or medical exposures to ra- 
dium. When taken into the body, radium lodges 
principally in the skeleton and produces a variety of 
effects! of which the most severe are neoplasms of 
bone and of the membranes lining the paranasal 
sinuses and air cells of the temporal bone.’ The lat- 
ter tumors are thought to arise from the cells of the 
mucosal epithelium or from the cells of the serous 
glands present in the lamina propria of eertain of 
the .paranasal sinuses (Fig. 1). 


We consider it important to determine accurately 
the dose received by the epithelial cells. For this, we 
need quantitative information on the locations, 
sizes and microscopic anatomy of the cell popula- 
tions at risk. Up to now, the literature dealing with 
microseopic features of the accessory nasal sinuses 
has been concerned primarily with the physiology 
and pathology of these structures,*'° and the obser- 
vations in these reports have been mostly descrip- 
tive. The present study provides the quantitative 
data needed for radiation dosimetry. 


The data were collected in a light microscopic 
study of undecalcified bone from persons with 
clinically nonsignificant body burdens cf radium 
and from persons with no known exposure to ra- 
dionuclides. There was no evidence of sinus or 
mastoid pathology in the subjects studied. Measure- 
ments were made of the thicknesses of the epithe- 
lium and of the lamina propria and also of the 
percentage of the epithelium occupiec by cell 
nuclei. We believe these variables to be among the 
important morphological determinants of radiation 
dose and risk. 


Relationship to Dose and Risk. There are two 
sources of radioactivity in the organs studied, the 
bone, where radium is deposited, and the air space, 
where radon gas accumulates. Alpha particles are 
the biologically significant radiations bombarding 


the epithelium. For neoplasia to occur, we believe 
that an alpha particle must strike nucleoplasm. In- 
tervening tissue affects the chance of ‘his occurring. 
If the tissue is thick, most particles stop before 
reaching the region of target nucleus eoncentration. 
If it is thin, such shielding is minimal and most par- 
ticles reach the nuclear region causing the dose and 
the chance for nuclear damage to be high. In addi- 
tion, the more nuclear material there is, the greater 
the risk that some of it will be altered in a way 
which may lead to the production of a tumor. Our 
data on the percentage of epithelium occupied by 
cell nuclei provides one of the factors needed to 
estimate the amount of nuclear material in the si- 
nuses or in the air cell system (the other factor being 
the amount of epithelium present). 


In summary, tissue thickness affects dose and risk 
through its ability to shield the radiosensitive nuclei 
from alpha particles. The percentage of epithelium . 
occupied by cell nuclei affects dose and risk through 





Fig. 1. Mucous membrane from the ethmoid sinus show- 
ing the general features of soft tissue in paranasal sinuses. 
Both the surface and glandular epithelia would be effec- 
tively shielded from a - particles emitted from bone. (H&E 
stain) 


From the Center for Human Radiobiology, Radiological and Environmental Research Division, Argonne National Laboratory, Asgonne, Illinois. Work 


perfermed under the auspices of the US Department ef Energy. 


REPRINTS — Michael J. Harris, PhD, Center for Human Radiobiology, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, IL 60439. 
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TABLE 1. THICKGESSES OF PARANASAL SINUS AND MASTOID AIR CELL MUCOSA FROM NORMAL POSTMORTEM 


SPECIMENS OF THE CHR COLLECTION 
A EEE —E—_—_—=S——S—SSSSSSSSSSSSSSSS a 
Case No. Age/Sex Site p Thickness um * Thickness um * 


01-141f 92y/M Frontal sinus 
Ethmoid sinus 
Sphenoid sinus 
Maxillary sinus 
05-044 80y/M Frontal sinus 
Sphenoid sinus 
Maxillary sinus 
10-247f 6ly/M Mastoid air cell 
A78 120 42y/M Mastoid air cell 
A78 1324 37y/M Mastoid air cell 
A78 226f{ 78y/F Mastoid air cell 


Epithelial Lamina Propria 
Sample No. 

1 37.64 8.1 38.6+ 4.8 
2 43.54 0.8 36.64 2.4 
3 11.04 1.5 13.64 1.8 
4 12.4+ 1.7 26.14 3.2 
l 24.8+ 2.0 112.0+ 9.0 
2 29.1+ 1.4 170.0+ 2.0 
l 29.8+ 2.8 341.0+ 77.0 
2 34.24 2.9 224.0 + 28.0 
l 17.2+ 2.8 29.2+ 2.9 
2 15.44 1.5 61.64 2.8 
l 54.74 7.5 207.0+ 20.0 
2 77.9+ 6.4 oe 

l 29.9+ 4.0 140.0+ 18.0 
2 37.5+ 2.0 155.04 2.0 
3 46.8+ 4.4 140.0+ 5.0 
4 34.0+ 6.2 133.04 4.0 
5 36.4+ 3.2 111.0+ 9.0 
l 136.0+ 17.0 541.04 68.0 
2 133.0 + 21.0 528.0 + 40.0 
l 3.1+ 0.6 19.6+ 2.4 
] 5.04 1.4 76.5+ 8.7 
2 5.44 1.2 98.64 4.7 
l 3.6+ 0.9 18.7+ 6.6 
2 3.9+ 0.6 32.4+ 3.1 
3 6.4+ 1.9 89.8+ 18.6 
4 7.94 2.7 e2e 32 
5 4.0+ 0.6 59.74 4.4 
6 14.24 7.0 120.3+ 51.2 
r 4.8+ 2.1 56.l+ 6.3 
8 4.9+ 1.2 55.1+ 7.6 
9 9.7+ 3.9 111.42 46.7 
l 6.9+ 2.3 25.34 5.0 
2 7.0+ 2.6 30.44 3.1 


“Based on 10 measur-ments within a 200 4m span on a photographic enlargement of the slide. Mean and standard deviation. 


1/{Multiply thickness by 1.4 (t) or 1.1 ($) to correct for shrinkage. 


its influence on tke amount of nuclear material ir- 
radiated. 


METHODS 


Specimens of paranasel sinus and of temporal bone were re- 
moved at autopsy, usually within 24 hours of expiration. Fixation 
was in either 10% bu-fered neutral formalin or in 3% buffered 
glutaraldehyde. The specimens were refrigerated at 4 C prior to 
histological processing 


Two methacrylate embedding procedures were used, a non- 
aqueous one modified rom Woodruff and Norris'! and an 
aqueous method modiaied from Leduc and Bernhard” and from 
Bennett et al.'? Five micrometer sections were cut from the 
resulting blocks on a Jung model K sledge microtome. The sec- 
tions were floated ont» glass slides from the surface of a water 
bath, affixed by heatir g at 60-70 C on a slide warmer and then 
stained with aqueous hematoxylin and alcoholic eosin. Care was 
taken to minimize folding and wrinkling of the thin sections. 


The sections were next photographed with Polaroid® type 55 
P/N film and the negative was enlarged in a positive format. 
Measurements of epitl=lial and lamina propria thicknesses were 
made with a ruler a several locations in several sections. A 
planimeter was used tc measure the cross-sectional areas of nuclei 
and of the epithelial cels at the same locations, and all dimensions 
were later converted their unmagnified values. The ratio of 
total nuclear cross-sectonal area to total cell area was computed 
to provide the data on the percentage of the epithelium occupied 
by nuclei. 


Tissue distortions ar2 introduced by fixation and embedding. 
We established a crite ion for their estimation. If one assumes 


that the mucosal tissue behaves in processing as do red blood cells 
(RBC), it is possible to determine size changes under the condi- 
tions of fixation and embedding which were used in this work. By 
measuring the average diameter change of RBCs in the two em- 
bedding media, it was determined that RBC diameter was re- 
duced by 30% in the nonaqueous system. In the aqueous system, 
the reduction was 13%. The former percentage is based on 25 
measurements of diameter whose mean and standard deviation 
(not standard error) are 5.96+ 1.44 um. The latter percentage is 
based on 56 measurements of diameter whose mean and standard 
deviation are 7.45+0.86 „m. Westerman et al'* reported the 
diameter of single flat cells in wet preparations to be 8.56+0.21 
um. We have adopted this value as the standard for undistorted 
RBC diameter. 


We determined, on the basis of 160 measurements, that no 
significant diameter reduction occurred during fixation. A value 
of 8.76+ 0.77 „m, based on 80 RBCs, was established as normal 
diameter in this test. The corresponding value for glutaraldehyde 
fixed RBCs, also based on 80 measurements, was 8.53+ 0.93 pm. 


In the tables below, we report the actual tissue dimensions 
measured. The data must be corrected upward by appropriate 
factors to account for tissue shrinkage. The correction factors are 
indicated in footnotes to the tables. 


RESULTS 


Thickness data are presented in Table 1. The 
variability of sample means among sinuses and 
within the mastoid air cells is great, especially for 
the lamina propria. This may reflect the limited 
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Fig. 2. Mucous membrane from a frontal sinus showing 
pseudostratified columnar epithelium. Note the thickness 
of the lamina propria. 


sample size or the irregular morphology of the air 
spaces. '°~7° 


In spite of the variability, we can make two gen- 
eralizations from the data: 1) the lamina propria is 
thicker than the eithelium and 2) the paranasal 
sinus epithelium is thicker than the mastoid air cell 
epithelium. The first derives from the fact that the 
mean thickness of the lamina propria exeeeds the 
mean epithelial thickness in every sample, save one, 
where both layers were measured and the thickness 
difference in the exceptional case is small. The sec- 
ond stems from the fact that the thickness range for 
the paranasal sinuses is 11.0 to 136.0 „m. and for 
the mastoid air cells, it is 3.1 to 14.2 um with only 
one sample mean exceeding 11.0 pm. These obser- 
vations quantitatively reflect the different histolog- 
ical characteristics of these regions. The paranasal 
sinus epithelium is cuboidal to pseudostratified col- 
umnar (Figs. 1-3) while the mastoid air cell epithe- 
lium is squamous to cuboidal (Fig. 4) and generally 
unstratified. This agrees with the observations 
reported in other investigations.*-* Cell height and 
arrangement result, therefore, in thicker or thinner 
epithelial layers. 





Fig. 3. Epithelium and lamina propria of the sphenoid 
sinus showing clearly the basement membrane, moderate 
vascularity and lymphocyte infiltration of the lamina. 








Fig. 4. Low cuboidal epithelium from a mastoid air cell. 


Table 1 also shows the lamina propria to be thick- 
er, as a rule, in the paranasal sinuses than in the 
mastoid air cells. It may not be valid to draw a 
general conclusion from this because of the limited 
sampling and the wide variation in thickness of the 
lamina even in a restricted area. Such an objection 
does not apply to our statement about epithelial 
thicknesses since the quantitative comparison is 
consistent with the established histology of these 
sites, and the epithelium varies much less widely 
than does the lamina propria, especially :n the 
mastoid air cells. 


Table 2 contains data on the percentage of the 
total cell area occupied by nuclei and the data from 
which this value was computed. The percentage ap- 
pears to be greater in the mastoid air cells (range: 
19.4 to 46.7% ; midrange: 33.0% ) than in the para- 
nasal sinuses (range: 9.7 to 38.0%; midrange: 
23.8%). We have applied statistical analyses to de- 
termine whether or not the difference is significant. 
The details are presented in the Appendix and lead 
to the conclusion that it is highly significant. 


DISCUSSION 


Carcinomas of the mastoid air cells in our study 
population outnumber paranasal sinus carcinomas 
among 5,058 radium-exposed persons by two to 
one.* The anatomical differences reported here may 
help to explain this. The mastoids have thin epithe- 
lia with no cilia (Fig. 4) and provide the nuclei with 
relatively little shielding against alpha perticles 
from the air space. A typical paranasal sinus (Figs. 
l and 2), on the other hand, has a relatively thick 
epithelium which is ciliated*:'* and provides better 
shielding. This suggests less radiation and fewer 
alpha particles striking the epithelial nuclei of the 
sinuses than striking those of the mastoid air cells 
and, consequently, a low tumor risk, other factors 
being equal. 


Before interpreting the apparent differences be- 
tween the paranasal sinuses and mastoid air eells in 
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TABLE 2. DATA ON POPULATION OF TARGET NUCLEI IN PARANASAL SINUS AND MASTOID AIR CELL EPITHELIUM IN 
NORMAL POSTMORTEM SPECIMENS FROM CHR COLLECTION 


Total Cell Area of Nuclei 
Area* Avg. Areat of a Total Cell 

Sample Studied Cell Nucleus, No. of Nuclei in Total Nuclear Area 

Case No. Age/Sex Site No. um? um? Area Studied Area, um? X100 % 
01-141{ 92y/M_ Frontal sinus l 6768 16.7+ 4.0 54 902 13.3 
2 3833 14.0+ 4.7 33 462 12.1 
3 1730 13.0+ 5.3 37 481 27.8 
4 2508 13.8+ 4.3 62 856 34.1 
Ethmoid sinus l 4310 20.l+ 5.7 69 1387 32.2 
2 5467 17.0+ 4.7 89 1513 27.7 
Sphenoid sinus l 4413 41.4+ 15.8 23 952 21.6 
2 9516 36.2+ 8.4 100 3620 38.0 
Maxillary sinus l 3716 15.l+ 4.7 70 1057 28.4 
2 2536 18.9+ 5.1 39 737 29.1 
Mastoid air cell l 5765 45.6+ 11.3 59 2692 46.7 
05-044{ 80y/M Frontal sinus l 6451 23.4+ 8.0 89 2085 32.3 
2 7572 49.8+ 11.0 42 2090 27.6 
Sphenoid sinus l 4963 30.2+ 16.2 24 725 14.6 
2 5687 30.6+ 3.7 18 551 9.7 
3 5511 45.2+ 11.0 24 1085 19.7 
4 6003 36.2+ 12.3 32 1158 19.3 
10-2474 6ly/M_  Mastoid air cell l 46 l.4+ 0.5 8 1] 24.3 
A78 120$ 42y'M_ —_ Mastoid air cell l 262 8.5+ 2.8 6 51 19.4 
2 888 10.7+ 3.8 24 256 28.8 
A78 132 37y/M_  Mastoid air cell l 51 2.4+ 0.8 9 22 42.4 
2 62 2.l+ 0.5 10 21 34.5 
3 86 3.04 1.3 10 30 34.8 
4 48 2.14 0.7 6 ig 25.8 
5 722 3.5+ 1.1 78 270 37.3 
6 49 2.24 0.9 10 21 44.0 
7 65 2.34 1.0 1] 26 39.5 
8 725 4.64 1.9 57 262 36.1 
9 610 13.4+ 4.9 13 174 28.5 
A78 226$ 78y/F  Mastoid air cell l 1974 25.94 11.3 22 569 28.8 
2 867 14.44 10.3 17 245 28.2 


*Measured on a photographic enlargement using a planimeter; 3 repetitions. 


tBased on planimeter measurements of photographically enlarged nuclei; 5 or 10 repetitions. Mean and standard deviation. 


{,#Multiply areas by 2.04 (f) or 1.32 ($) to correct for shrinkage. 


the percentage of total cell area occupied by nuclei, 
data on the amount of epithelium present in each 
region must be collected. Since epithelial thickness 
is greater in the sinuses but epithelial surface area 
would be greater in the mastoids, it is difficult to 
guess which region would have the greater epithe- 
lial volume. 


The lamina propria is generally wider than the 
range of a typical radium alpha particle in soft tis- 
sue, roughly 50 pm. In fact, at most sites sampled, 
an alpha particle emitted from bone could not 
reach the epithelium. Therefore, the dose from ra- 
dionuclides in bone appears to be quite small. 


Wider sampling throughout the paranasal sinuses 
and mastoid air cells is needed to obtain more pre- 
cise data on thickness and on the amount of nuclear 
material present. There is, additionally, a need for 
data on the submucosal glands and their cellular 
components. These structures occur infrequently, 
but quantitative information about them is re- 
quired before they can be ruled out as significant 
factors in the problem of radiation risk in the para- 
nasal sinuses. 


The effects of age, sex and race of the subjects, as 
well as any prior history of radiation damage, need 
to be analyzed. It is expected that data from future 
cases will help in clariflying these issues. 
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APPENDIX 


The objective of this appendix is to determine whether or not 
statistically significant differences exist between the paranasal 
sinuses and mastoid air cells in the percentage of total cell area oc- 
cupied by nuclei. 

To arrive at a conclusion, data for the two regions are com- 
pared using a nonparametric or distribution-free method, the 
Wilcoxon two-sample test for unpaired, ranked observations. * 
The null hypothesis, Hy, is that the two samples come from 
populations having the same distribution (Table 3). 


The Wilcoxon statistic is computed as 


C=nn,+ Mt) y R 
= 16(15) + 203+) __ 396 


= 240 + 120-306 = 54 


Comparing this value with C’ = n.in,—C, which is 186, we 
choose the latter value as a test statistic Uù. Referring to ap- 
propriate tables and using a two-tailed test, we find that the 
critical value for this statistic is greater than the computed value 
at P< 0.01. The difference is significant when the computed value 
exceeds the critical value. Therefore, the null hypothesis is provi- 
sionally rejected and we conclude that the samples come trom 


"Sokal RR, Rohlf FJ. Biometry. San Francisco: WH Freeman, 
1969:387-95. 


populations with different distributions. Since the statistic Us, ex- 
ceeds its expected value, we may regard this as evidence that the 
means of the two groups are unequal. 


TABLE 3. WILCOXON TWO-SAMPLE TEST TO 
DETERMINE EQUALITY OF LOCATION OF 
PERCENTAGE OF TOTAL CELL AREA OCCUPIED BY 
NUCLEI IN MUCOSA OF PARANASAL SINUS AND 
MASTOID AIR CELL 
soa ee 


Paranasal Sinus Mastoid Air Cell 


Variate % Rank Variate % Rank 
9.7 l 19.4 6 
| = A | 2 24.3 9 
13.3 3 25.8 10 
14.6 4 28.2 14 
19.3 5 28.5 16 
19.7 7 28.8 i 
21.6 8 28.8 17 
27.6 Li 34.5 23 
2.7 12 34.8 24 
27.8 13 36.1 25 
28.4 15 es 26 
29.1 19 39.5 28 
a2.2 20 42.4 29 
a2 3 21 44.0 30 
34.1 22 46.7 31 
38.0 27 
n n2 
190= ER 306 = ER 
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As the presence f granulocytes in middle ear fluid in serous otitis media implicates a potential risk of extracellular release of 
granulocyte proteases the main protease inhibitors in serum, a,-antitrypsin, a,-antichymotrypsin and a,-macroglobulin, were im- 
munochemically quan iteted in such effusions. The mean concentration of ,-antitrypsin was found to be higher in middle ear effusion and 
the mean concentration cf a,-antichymotrypsin slightly lower than in plasma. On comparison with albumin, however, lower values than 
expected were found ia tae middle ear fluid for the two inhibitors. The high molecular weight a,-macroglobulin was significantly lower 
than in plasma. Furtkermore a low molecular weight protease inhibitor, which is thought to be locally produced in the respiratory 


epithelium, was demonstrated in the effusion. 


INTRODUCTION 


Studies of middle ear effusions (MEE) in serous 
otitis media (SOM) have demonstrated several char- 
acteristics of inflammation such as the presence of 
inflammatory cels,! chemotaxis for neutrophils,” 
elevated levels of lysosomal enzymes’ and LDH,‘ 
and evidence of ccmplement activation.™? These 
observations imp y an inflammatory etiology of 


SOM. 


One of the maia occurrences in an inflammatory 
process is phagocytosis. During this process, the 
granulocytes can release proteolytic enzymes ex- 
tracellularly *-’ If not inactivated, the proteolytic 
enzymes will then attack healthy as well as diseased 
tissues. 


So far, a number of proteins are known having 
the ability to inactivate proteolytic enzymes derived 
from granulocyte.. In serum, the main inhibitors 
are q,-antitrypsin, a,-antichymotrypsin and 
œ-macroglobulin 5° In human bronchial secre- 
tion, the main elastase inhibitor is a low molecular 
weight acid stable protein not found in serum." '? 
This has also beer demonstrated in nasal secretion, 
in tracheal and sir us mucosa, and in fluid of chron- 
ic otitis media." 5 In the present study, MEE in 
SOM were analvzec with respect to inflammatory 
cells and the presence of inhibitors of granulocyte 
proteases. 


METHODS 


Patients with SOM over a period exceeding two months and 
without signs or sympoms of active ear infection were selected 
for this study. Diagnoss was established by morphologic findings 
of a pale, retracted tympanic membrane and the presence of fluid 


in the middle ear cavity. The patients varied in age from 1-20 
years, mean age 5.9 years. Under general anesthesia, middle ear 
fluid was aspirated through the eardrum in connection with ther- 
apeutic myringotomy. Analysis was confined to macroscopically 
nonpurulent fluid varying in viscosity from serous to seromucoid. 
High viscosity mucoid fluids that were nonpipettable, or macro- 
scopically blood-contaminated fluids were excluded from the 
study. Specimens were studied from a total of 22 ears from 17 pa- 
tients. 


Inflammatory Cells. In 13 ears, 20 pl of the middle ear 
specimen were taken for white cell count in a Biirker chamber 
after staining with gentian violet solution. Smears were prepared 
from the same specimens and examined for differential counts 
after staining with May-Griinwald-Giemsa stain. In another four 
specimens, only fluid sufficient for smear analysis was obtained. 


Protein Analyses. Fifty microliters of the middle ear fluid were 
obtained from 22 ears of 17 patients. The samples were im- 
mediately diluted 1:10 with 0.9% NaCl solution containing 
ethylenediaminetetraacetic acid (EDTA) and centrifuged at 
1,000 gm for five minutes. The clear supernatants were recovered 
and stored at -18 C until studied. 


Blood specimens were obtained from the same patients at the 
time of myringotomy. Venous blood (5 ml) was collected in test 
tubes containing 0.04 ml EDTA solution. After centrifugation at 
1,000 gm for five minutes, the plasma was recovered and stored at 
-18 C until analyzed. 


Albumin was tested for reference purposes. Since a local pro- 
duction of albumin in the middle ear mucosa is highly im- 
probable, the ratio of middle ear fluid albumin to plasma albu- 
min was assumed to reflect the passage of albumin through the 
mucous membrane. Corresponding ratios of substances with 
molecular weights similar to that of albumin, such as a,-antitryp- 
sin (55,000) and a,-antichymotrypsin (69,000), were then com- 
pared with the albumin ratio. Provided neither of the two in- 
hibitors are locally produced, the amount of each inhibitor in 
MEE (protein X,,..) ultrafiltrated through the mucosa should then 
equal the obtained ratio of albumin (albumin,,../albumin,jasma) 
multiplied by the plasma concentration of the inhibitor in ques- 
tion (protein Xpiasma)+'” 


Protein Xo = albumin, AIUMIN piama x protein X piama (formula 1) 
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Fig. 1. A) Electrophoresis patterns of undiluted pama 


and B) middle ear effusion diluted 1:10 in saline demon- 
strating the high protein content of middle ear effasion. 


In screening for protein patterns of MEE, agarose* gel electro- 
phoresis was performed using 0.8% (w/v) agarose gel. otherwise 
as described by Johanson.” The MEE specimens were thus 
diluted 1:10, while the corresponding plasmas were undiluted. 


Quantitative analyses of albumin, a,-antitrypsin, a,-anti- 
chymotrypsin and a,-macroglobulin were performed with the 
electroimmunoassay technique described by Laurell,'* except that 
the agarose gel was prepared with 0.8% (w/v) agarose. Analyses 
of MEE and corresponding plasmas were run with ideatical stan- 
dards achieved from a blood pool of healthy adult donors. 


Qualitative analyses of albumin in MEE were studied with 
crossed immunoelectrophoresis according to Ganrot."* 


Quantitative assay of the low molecular weight protease in- 
hibitor in MEE was performed with the single radial immunodif- 
fusion plate technique of Mancini et al, using 1 mm thick 1% 
(w/v) agarose gel containing 3% (w/v) polyethylereglycol. A 
purified inhibitor with known concentration was used as stan- 
dard. 


Specific antisera against the low molecular weight protease in- 
hibitor were prepared at the laboratory.?! Rabbit antisera against 
human q,-antitrypsin, a,-antichymotrypsin, o-maeroglobulin 
and albumin are routinely prepared at the laboratory. 


RESULTS 


Inflammatory Cells. In 13 ears, material was ob- 
tained for white cell count and smear. The total 
number of white cells ranged from 0.5 to 6.6 x 
10°/liter. The neutrophils varied from 0.03 +o 5.02 x 
10°. The neutrophils predominated in 10 ef 17 ex- 
amined smears. In the remainder, the lymphocytes 
were in the majority. 


Proteins. A high protein content in MEE was sug- 
gested on comparison of the screen electrophoresis 
patterns of undiluted plasma and the effusions di- 
luted 1:10 (Fig. 1). 


*Miles-Seravac, Maidenhead, Berkshire, England. 


TABLE 1. PROTEASE INHIBITORS IN MIDDLE EAR 
EFFUSION IN RELATION TO PATIENT’S OWN PLASMA 


CONCENTRATION (MEE'PLASMA x 100) 


a,-Antichymo- 


a,-Antitrypsin trypsin a2-Macroglobulin 


Range ge. = 294 47 - 143 20 - 100 
Mean 115 + 12.2° 97- bi * 61 + 5.1* 
Number 29 20 22 


*Standard error. 


Albumin. In 22 MEE, albumin ranged from 
58-267 % of the patient’s own plasma value, with a 
mean value of 1714+ 12.4. The albumin content ex- 
ceeded that of the corresponding plasma in 17 mid- 
dle ear fluids. Crossed immunoelectrophoresis 
showed homogeneity of the albumin fraction. 


a,-Antitrypsin. The a,-antitrypsin concentration 
in plasma of the patients ranged from 56-125% as 
compared to the pool. The concentration of œ,-anti- 
trypsm in MEE in relation to the patient’s own 
plasma value showed a variation of 22-224 % with a 
mean value of 115% (Table 1). In 14 of 22 middle 
ear effusions, the value exceeded that of the 
patient’s plasma. A positive correlation was seen be- 
tween the ratio albumin,,../albumin,;.sm. and the 
ratio a,-antitrypsin,,../a1-antitrypSiN,josma (7 = 0.95) 
(Fig. 2). In all studied middle ear effusions, the ob- 
served value of a,-antitrypsin was lower than the 
value calculated according to formula 1. 


a,-Antichymotrypsin. The concentration of 
a,-antichymotrypsin in plasma, with one exception 
(the aldest patient), fell below that of the pool. The 
range was 36-102% with a mean value of 63% . The 
concentration of a,-antichymotrypsin in MEE in re- 
lation to the patient’s own plasma concentration 
ranged from 47-143% with a mean value of 97% 
(Table 1). Due to a technical mishap, a,-antichy- 
motrypsin was tested in only 20 middle ear speci- 
mens from 15 patients. A positive correlation was 
seen between the ratio albumin,,,./albumin,,.... and 
the ratio a,-antichymotrypsin,,../a:-antichymo- 
tryPSIM,/4sma although weaker than for a,-antitrypsin 
(r= 0.68) (Fig. 2). The observed value of a,-anti- 
chymotrypsin was lower in all middle ear specimens 
than the value calculated according to formula 1. 


a2-Macroglobulin. The plasma concentration of 
a@2-macroglobulin in all specimens exceeded the con- 
centration of the serum pool from adult donors. The 
range was 132-312%, the lowest value emanating 
from the oldest patient (20 years). The concentra- 
tion of a,-macroglobulin in the 22 middle ear effu- 
sions in relation to the patient’s plasma concentra- 
tion varied from 20-100 % with a mean value of 61 % 
(Table 1). In all but one middle ear specimens, the 
value fell below the plasma concentration. A posi- 
tive though weak correlation was seen between the 
ratio albumin,,../albumin,,.:m. and the ratio 
a,-macroglobulin,,../a2-macroglobulin,jasme (r= 
0.46) (Fig. 2). 
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Fig. 2. Correlat or between the ratio protease inhibitor 
concentration in middle ear effusion (PI,,..) and protease 
inhibitor in plasme (PI,,.,,..) and the ratio albumin concen- 
tration in middle ear effusion (alb,,..) and albumin in 
plasma (albpiasm} @: AT - a,-antitrypsin; a,achy - 
a@,-antichymotrypsin: a2M - a,-macroglobulin; r - Correla- 
tion coefficient; n - Number of ni 


Low Molecular Weight Protease Inhibitor. The 
low molecular weight protease inhibitor tested with 
the Mancini et a”° technique was detected in 21 of 
22 middle ear fluids. The range was 12-33 „ug/ml 
with a mean value of 24 ug/ml. 


DISCUSSION 


The fluids investigated in our study consisted of 
serous to seromucoid specimens. The highly mucoid 
fluids had to be discarded owing to difficulties in 
obtaining an acc irately measured quantity and di- 
lution. However, the different types of effusion seen 
during the natural course of otitis media with effu- 
sion reflect diffe»ent stages in a continuous process 
taking place in tae middle ear cavity. The mucoid 
effusions with a high glucoprotein content”? and 
high concentrators of SIgA” reflect an inflam- 
matory stage in tae mucosa with functioning goblet 
cells and mucous glands.** The low viscosity fluids 
represent a highe- degree of inflammation as its ma- 
jor constituents are emanating from plasma.’*® 
Thus, our material represents a stage in otitis media 
with effusion wkere the inflammatory reaction is 
pronounced, thoagh yet not to such a degree as to 
cause a clinical manifestation of infection. The ma- 
jority of specimens in our study contained leuko- 
cytes in such number as to be classified as seropur- 
ulent effusions according to Senturia’s classifi- 
cation.”° 


The main protease inhibitors in serum, a,-anti- 
trypsin, a,-anticl ymotrypsin and a,-macroglobulin 
were measurable in all MEE studied (Table 1). In 
the majority of specimens, a,-antitrypsin was found 
in accordance with Bernstein? to exceed the 
patient’s own plasma concentration of a,-antitryp- 


sin. In the MEE, a,-antichymotrypsin showed a 
mean value of 97% of the patient’s plasma value. 
No other report of the presence of this inhibitor in 
MEE is to be found in the literature. In accordance 
with a previous study,’ the a,-macroglobulin con- 
centration in the effusions was below that of the 
corresponding plasma value. This is probably ex- 
plained by the high molecular weight of a2.-macro- 
globulin (725,000) which prevents simple diffusion 
from plasma to the middle ear cavity. However in 
young individuals, as all but one of our patients 
were, the plasma concentration of a,-macro- 
globulin is high as compared to adults.”” Thus, the 
concentration of a.-macroglobulin in the MEE of 
our patients was equal or above that of the normal 
a2-macroglobulin concentration in plasma of 
adults. The low molecular weight protease inhib- 
itor was demonstrated in 21 of 22 specimens. This 
inhibitor is not found in serum and is assumed to be 
locally produced in the respiratory epithelium. In 
bronchial secretion, it is responsible for the major 
inhibiting capacity against granulocyte elastase. In 
noninfected bronchial lavage fluid, Tegner’? found 
a mean concentration of 15 mg/liter. Our study 
showed a mean concentration in the undiluted 
MEE of 24 mg/liter. However, the importance of 
this inhibitor in serous otitis media has yet to be 
quantified. 


In the present study, the albumin concentration 
in MEE varied considerably with a mean value of 
171% of the patient’s own plasma value. The con- 
centration of a,-antitrypsin showed a similar pat- 
tern. Crossed immunoelectrophoresis showed 
homogeneity of the albumin, and the presence of al- 
bumin split products as a cause of false high values 
could be ruled out. Determination of the osmolality 
in MEE in SOM has shown the existence of higher 
osmolality than in plasma.*f This supports the ac- 
curacy of the high albumin concentrations in MEE 
in the present study, since it is reasonable to assume 
albumin in serous middle ear fluid to be the major 
regulator of colloid-osmotic pressure, as it is in 
plasma. Previous studies of the albumin concentra- 
tion in MEE of SOM have shown varying results of 
mean concentrations in relation to plasma concen- 
trations.**-*! The wide range of the individual 
values is a general feature. This probably reflects 
the differences in inflammatory condition of the 
middle ears investigated, and thus the difference in 
plasma leakage. This in turn illustrates in each in- 
dividual the different phases of inflammation that 
are found in the natural course within the defined 
group of SOM. Another reason for the divergence in 
results between investigators can be the difference 
in methods of analysis. 


Assuming our data obtained for albumin to be 
correct, they can serve as reference values for 


*Juhn SK. Personal communication. 
tCarlsson B. Unpublished data. 
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evaluating the passage over the biological mem- 
brane from plasma to the middle ear cavity for 
other nonlocally produced substances with similar 
molecular weights, such as q,-antitrypsin and 
a,-antichymotrypsin. Positive correlations were 
found when comparing the individual ME=/plasma 
ratios of albumin and the two inhibitors respective- 
ly. The covariations are however more complicated 
than what can be described as a straight line, char- 
acterized as y = x. Furthermore, when applying for- 
mula 1 for ultrafiltration, and as illustrated in 
Figure 2, the observed values of a,-antitrrpsin and 
a,-antichymotrypsin in MEE were lower than the 


calculated values. An explanation for this can be 
that degradation of the inhibitors has occurred in 
the e*fusions, or more probably, that the inhibitors 
have formed complexes with proteases, thereby re- 
ducirg the antigenic sites necessary for detection 
with the immunochemical technique used. In clini- 
cal terms complex formation between protease in- 
hibiters and proteases would indicate a protective 
role of the protease inhibitors in the middle ear cav- 
ity. Further analyses of the extent of complex for- 
matiens and remaining inhibitory capacity of pro- 
tease inhibitors in MEE are in progress in our 
laboratory. 
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CARCINOID TUMOR OF THE LARYNX 
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Primary carcinoid of the larynx is an unusual neoplasm. Only one case could be traced in the literature so far. Another case, a 55-year- 
old male patient, is presented and discussed. The tumor proved to be malignant, showing histological, histochemical and electron 
microscopical characteristics of a carcinoid. Initially there was a striking discrepancy between the scanty findings in the larynx and the 
wide metastatic spreac of the tumor into the cervical lymph nodes along the internal jugular vein, and the progression of the process was 
markedly slower than that of laryngeal carcinoma. Despite the massive dose of radiotherapy that had been administered after radical neck 
dissection in an attempt to preserve the larynx, the tumor continued to expand, infiltrating the laryngeal tissues and causing stenosis that 
necessitated total laryngectomy, thus again proving that the treatment of choice in laryngeal carcinoid should be wide surgical excision. 


INTRODUCTION 


Carcinoid tumor of the larynx is an unusual 
clinical entity, although cases of tracheal carcinoids 
have been reported.'? Primary carcinoid tumor of 
the larynx, however, has, to the best of our 
knowledge, been previously described only once.* 
Another case is presented herein. 


Our case and the one previously reported* clearly 
demonstrate that carcinoid of the larynx is a malig- 
nant neoplasm. which deeply infiltrates the 
laryngeal tissues and widely metastasizes into the 
cervical lymph nodes, though the growth of the 
tumor is markedly slower than that of laryngeal 
carcinoma. It does not respond to radiotherapy, 
and the treatment of choice should be wide surgical 

excision. 


CASE REPORT 


A 55-year-old Armenian male patient from Iran, 
a nonsmoker, but with a history of abuse in alcohol 
consumption, was first examined by one of the 
authors in the ENT Clinic of the Hadassah-Hebrew 
University Hospital in mid-June 1978. He presented 
with a 3 1/2 years’ history of intermittent hoarse- 
ness. A year after the onset of hoarseness, a biopsy 
was taken from tke larynx, and the histological ex- 
amination did net reveal any malignancy. Two 
months before his present examination, enlarged 
lymph nodes in the right side of the neck were no- 
ticed by his doctcr, and a repeat biopsy from the 
larynx was performed and reported to be papillary 
carcinoma. Total laryngectomy with radical neck 
dissection hed been suggested, but the patient re- 
fused. 


Indirect laryngcscopy revealed only a small bulge 
in the anterier portion of the right ventricular fold. 


The mucous membrane in this area looked smooth, 
with no signs of erosion of the epithelium. There 
were no other noticeable changes in the larynx. 
Both vocal cords were perfectly mobile. In the right 
side of the neck there was a chain of markedly en- 
larged lymphatic nodes along the internal jugular 
vein. Three of them were the size of an olive and the 
rest smaller ones. The nodes were firm, but mobile. 
The nasopharynx looked normal and there were no 
changes in the other ear, nose, and throat organs. 
The first impression was that of a laryngeal cancer 
with metastases in the cervical lymph nodes, but 
clinically there was a striking discrepancy between 
the scanty findings in the larynx and the wide 
spread of the tumor into the right internal jugular 
chain. 


A biopsy was taken from the bulging anterior 
portion of the right ventricular fold, and one cer- 
vical lymph node was excised simultaneously for 
histopathological examination. The report of the 
histopathological examination was not unequivo- 
cal. The findings in the cervical lymph node were 
reported as metastatic carcinoma, but there was 
doubt as to the type of carcinoma. It was suggested 
that the site of primary lesion might not have been 
the larynx, since in the laryngeal specimen several 
foci of anaplastic carcinoma were found only in the 
submucous layer, while in the mucosa there were 
no traces of tumor. The consulting pathologist as- 
sumed that the primary tumor might be in the thy- 
roid gland or in the lungs. 


A thorough clinical examination that included to- 
mography of the chest, radioactive iodine (I'*’) up- 
take, and scanning of the thyroid gland did not con- 
firm the above assumption. Since the clinical facts 
indicated that the primary tumor most probably 
originated in the larynx, it became evident that ex- 
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Fig. 1. Primary carcinoid tumor of the larrnx. The 
neo fais tissue consists of masses of relatively small cells 
with large hyperchromatic nuclei. The cells are arranged 
in an acinar pattern with cribriform areas (a). The tumor 
is covered by a lining of normal squamous cell epithelium 


(arrow). (H & E, x125) 


ploration of the larynx would be reasonable before 
making any decision concerning laryngeetomy. 


A laryngofissure was performed under general 
anesthesia and the larynx explored. The laryngeal 
mucosa looked smooth, without evidert signs of 
neoplasm. In a repeat biopsy, taken from the some- 
what thickened anterior portion of the right ven- 
tricular fold, no tumor had been recognized in the 
frozen section, only fibrosis and chronic inflamma- 
tion were noticed. It was therefore decided to 
preserve the larynx, and the operation wes confined 
to right radical neck dissection. Frozen section ex- 
amination of the latter specimen showed metastatic 
carcinoma of the cervical lymph nodes. Since there 
still were doubts as to the site of origin of ‘he tumor, 
biopsies were also taken from the thyroid gland and 
from the nasopharynx, but both proved to be nega- 
tive. 


The postoperative period was uneventful. The in- 
cision healed by first intention, and the patient was 
successfully decannulated on the fifth postoperative 
day. The mobility of both vocal cords, as seen by in- 
direct laryngoscopy, was good, but the bulge in the 
right ventricular fold still covered the anterior por- 
tion of the vocal cord. 


Examination of the serial sections, prepared from 
the laryngeal specimen taken during laryagofissure, 
revealed the same kind of malignant celk as in the 
cervical lymph nodes. 
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Fig. 2. Metastatic carcinoid tumor within a cervical 
lymph node. Note the acinar pattern of the tumor, similar 
to that found in the laryngeal specimen. (H & E, x400) 


At our request, the slides of the first laryngeal 
biopsy were brought by the patient from Iran and 
reexamined. It became quite evident that it was not 
a papillary carcinoma, as reported. 


Pathological Findings. A therough histo- 
pathological and histochemical examination and 
comparison of the serial sections of all biopsies’ 
taken from the larynx and of the excised cervical 
lymph nodes was undertaken. 


Review of the hematoxylin and eosin-stained 
paraffin sections of all biopsy specimens taken from 
the larynx (including those performed in Iran) re- 
vealed that in all specimens the neoplastic tissue 
consisted of relatively small epithelial cells, with 
large. hyperchromatic, round nuclei and a small 
amount of cytoplasm. The cells were arranged in 
solid sheets, and in some areas the tumor had a 
trabecular-acinar pattern, with eribriform ap- 
pearance (Fig. 1). Stains for argentaffin and 
argyrophil granules were negative, as were the 
special stains for mucus. 


Sections of the excised cervical lymph nodes 
showed partial replacement of the nodes by me- 
tastatic tumor. In hematoxylin and eosin-stained 
slides the tumor had the same appearance as the 
laryngeal biopsy specimens, although the acinar 
pattern was less evident (Fig. 2). Special stains for 
mucus were negative. Stains for argentaffin and 
argyrophil granules, however, were strongly posi- 
tive in many groups of the tumor eells within the 
lymph nodes (Figs. 3 and 4). 
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Fig. 3. Metastat2 carcinoid tumor within a cervical 
lymph node showing Nid of argyrophil granules. 
(Sevier-Munger staia, x500) 


In addition, an electron microscopic study was 
subsequently made of specimens that had previous- 
ly been fixed in formalin and embedded in paraffin. 
Neurosecretory granules in large numbers could 
easily be recognized in most of the tumor cells (Figs. 
5 and 6).* 


_ The above find ngs led to the diagonsis of pri- 
mary malignant cercinoid tumor of the larynx with 
metastases in the cervical lymph nodes. 


Postoperatwe Ceurse. The patient was subjected 
to a thorough clirical examination that ruled out 
any distant metastases. He did not exhibit the well- 
known carcinoid syndrome,’ and the amount of 
hydroxy-indo!-acetic acid (5-HIAA) daily excretion 
in the urine was normal (5.8 mg/day). 


Since the laryngoscopic findings were insignifi- 
cant, a course of radiotherapy was administered in 
an attempt to preserve the larynx, though irradia- 
tion is usually not the recommended treatment for 
carcinoids. The pa-ient received a total dose of 8000 
rads, delivered ove a period of three months, to the 
larynx, neck, right supraclavicular area and superi- 
or mediastinum. Mild edema of the arytenoids that 
developed towards the completion of radiotherapy 
subsided under treatment with steroids (predni- 
sone) and antibiotics. By the end of November 
1978, the patient was permitted to leave for home, 
having been instructed to return for a follow-up 
examination end eraluation of the condition in two 
to three months’ time. 


*The electron microscope study was performed by Dr. Itzhak S. Levij, 


Professor of Patholegy. 





Fig. 4. Metastatic carcinoid tumor within a cervical 
p 


lymph node showing argentaffin granules. (Fontana- 
Masson stain, x500) 


Due to the situation in Iran, the patient arrived 
six months later, being extremely hoarse, and his 
breathing becoming labored on physical exertion. 
Indirect laryngoscopy revealed a gross infiltrating 
tumor that involved the right ventricular and ary- 
epiglottic folds and the right arytenoid area, where 
a smooth-surfaced swelling, bulging into the laryn- 
geal lumen, could be seen. The infiltration extended 
into the posterior laryngeal wall, causing immobili- 
ty of both vocal cords and severe stenosis of the 
larynx. Tomography showed marked narrowing of 
the larynx by a large infiltrating tumor, and a con- 
trast x-ray study of the esophagus revealed a well- 
defined filling defect indenting the esophagus pos- 
teriorly at the C.-C, level. 


All these signs attested that the carcinoid of the 
larynx had failed to respond to radiation treatment, 
as anticipated, and had significantly grown and ex- 
panded since its completion, but there were no pal- 
pable lymph nodes in the neck, and the area of the 
radical neck dissection seemed to be free of recur- 
rent regional metastases. The amount of 5-HIAA 
daily excretion in the urine was at the upper limits 
of normal (9 mg/day), nor were there any signs of 
the carcinoid syndrome. No signs of distant metas- 
tases could be detected by a complete clinical work- 
up that, inter alia, included x-ray examination and 
tomography of the chest, a contrast study of the up- 
per and lower gastrointestinal tract, and bone and 
liver scan. Cardiac examination and all routine and 
biochemical blood tests were within normal range. 
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Fig 5. Transmission electron micragraph showing numerous round and oval granules (G) in the tumor cells. 
N - Nucleus; n - Nucleolus. (x8,600) 





Total laryngectomy was recommended. The pa- The patient left for home with instructions to his 
tient consented, but because of family and other cir- otolaryngologist. 
cumstances, this time he preferred to be operated In October 1979 we were informed that the pa- 
on in his home country, A repeat biopsy was not tient underwent total laryngectomy. His general 
done at this stage, as that might have led to an condition was reported as satisfactory except for loss 
emergency tracheostomy, which was net desirable. of weight. 





Fig. 6. Transmission electron micrograph at higher pagnitieaen (x19,200) showing the pes as having a 
homogenous electron-dense appearance, compatible with that of neurosecretory granules as described in carcinoid tumors. 
G - Oval granules; N - Nucleus; n - Nucleonus. 


v 
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DISCUSSION 


The term carcinoid was introduced by Obern- 
dorfer,” who descrided tumors of the small intestine 
which were less aggressive than most carcinomas. 
Carcinoid tumor arise from the enterochromaffin 
or the so-called Kulchitsky cells, that include a 
number of cell types which are differently distri- 
buted throughoue the primitive gut. They tend to 
correspond cytowgically to the type of entero- 
chromaffin cell which is preponderant in the given 
region. Williams and Sandler’ classified carcinoid 
tumors according to the embryology of the site of 
origin of the neoplasm: carcinoid of foregut (bron- 
chi, stomach, biiary tract and pancreatic ducts), 
midgut (lower duodenum, jejunum, ileum, cecum, 
and appendix) aad hindgut (descending colon and 
rectum) derivatien. 


Midgut carcinoids contain argentaffin granules 
which are relatively large and pleomorphic. The 
granules contain serotonin (5-hydroxytryptamine) 
and usually give a positive argentaffin reaction.’ 
Foregut carcinoids contain relatively small, uni- 
formly rounded granules. These granules do not 
contain serotonin, but instead 5-hydroxytrypto- 
phan, its immed ate precursor, and usually give a 
negative argenteffin reaction. In hindgut carci- 
noids, the argentaffin reaction is rarely positive. 
Despite the fact tnat carcinoids of foregut and hind- 
gut origin are often negative in the histochemical 
argentaffin reaction, the term argentaffinoma is 
commonly used as a synonym for all carcinoid tu- 
mors. Such argentaffin-negative carcinoids, how- 
ever, May give a positive argyrophil reaction.’ 


One of the methods of demonstrating argen- 
taffin-positive carcinoids is the Fontana-Masson 
stain. Argyrophil-positive carcinoids are well 
demonstrated by the Sevier-Munger technique. 
Both these histochemical methods have been used in 
our case, and preved the stains for argentaffin and 
argyrophil granwes in many groups of the metasta- 
tic tumor cells whin the cervical lymph nodes to be 
strongly positive. 


In biopsies taken from the larynx, the stain for 
argentaffin and ergyrophil granules were negative, 
but this could be explained by the presence of only a 
few small groups o? tumor cells in these specimens. 
Some of the metastatic tumor cells in the cervical 
lymph nodes wer also negative in the above stains, 
while the rest were strongly positive. 


It should, however, be noted that the demonstra- 
tion of a positive argentaffin or argyrophil histo- 
chemical reactior only does not yet prove the tumor 
to be a carcinoid. since the diagnosis is made on the 
histological appearance of the tumor. Histological- 
ly, most foregut carcinoids resemble argentaf- 
finomas of the alimentary tract. The typical car- 
cinoid tumor is composed of solid trabeculae or 
nests and clusters o- relatively small, fairly uniform 


polygonal cells with large hyperchromatic nuclei 
and moderate amounts of cytoplasm. The cells are 
in an orderly arrangement, with only few mitotic 
figures. The cytoplasm often contains eosinophilic 
granules, and the stroma is usually delicate. Tu- 
mors of foregut derivation tend to become more tra- 
becular, as demonstrated by Goldman et al* and by 
our case. 


The carcinoid nature of the tumor was also cor- 
roborated by an electron microscopic study of the 
specimens that revealed large numbers of typical 
neurosecretory granules in most of the tumor cells. 


The malignancy potential of foregut carcinoids 
has generally been accepted as low. Bronchial car- 
cinoids tend to be locally invasive, but grow slowly 
and may be present for years before evidence of dis- 
semination occurs,°'®'' though a much higher 
malignancy potential was also described, with me- 
tastases in 44% of the patients.'? An 87% five-year 
survival rate has been reported for bronchial and 
lung carcinoids in an extensive statistical study by 
Godwin." In a recent study on tracheal carcinoids 
by Briselli et al? metastatic spread was recorded on- 
ly in 1 out of 14 cases reported in the English 
literature. Carcinoid tumors of the larynx, on the 
other hand, showed a higher degree of malignancy, 
as clearly demonstrated in our case and by the one 
previously reported.* These proved to be locally 
infiltrative and spread extensively via the lym- 
phatics to the regional cervical lymph nodes, where 
their histological appearance was identical to that 
of the primary tumor. In carcinoids, the metastatic 
lymph nodes very frequently are larger than the 
primary tumor.'* This is very well illustrated in the 
presented case. 


Carcinoid tumors may spread by the blood 
stream to cause distant metastases in various or- 
gans, including the skin and subcutaneous tissue.* "* 
In our case, a year after radical neck dissection for 
extensive cervical metastases, there still were no 
signs of distant spread, but such a possibility cannot 
be ruled out in the future. In the only reported case 
of laryngeal carcinoid by Goldman et al,* distant 
skin metastases appeared ten months after total lar- 
yngectomy with bilateral neck dissection. 


Our patient did not demonstrate the well-known 
carcinoid syndrome. The latter is frequent with 
carcinoids of foregut origin, but is rarely present in 
carcinoids of its respiratory diverticulum. The 
amount of 5-HIAA daily excretion in the urine was 
also within normal range. It was not until the lar- 
yngofissure and the radical neck dissection that the 
diagnosis of carcinoid tumor was made. All previ- 
ous biopsies were reported as carcinomas (papil- 
lary, anaplastic, adenocarcinoma). 


Radiotherapy has again proved to be ineffective 
in the treatment of carcinoids. Despite the massive 
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dose of local irradiation (8000 rads) that had been 
administered after radical neck dissection in an at- 
tempt to preserve the larynx, the primary tumor 
continued to grow and expand. It is, therefore, rea- 


sonable to conclude that the treatment of choice in 
laryngeal carcinoids should be wide surgical exci- 
sion of the primary lesion and of all accessible 
metastases. 
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EFFECT OF VOICE THERAPY ON CONTACT GRANULOMA OF THE 
VOCAL FOLD 


; CAROLE S. BLOCH, MA 
New YORK, NEW YORK 
WILBER J. GOULD, MD MINORU HIRANO, MD 


NEw YORK, NEW YORK KURUME, JAPAN 


Contact granuloma of the vocal folds caused by physical trauma secondary to voice abuse has traditionally been treated by surgical 
removal. This mode of handling can be frequently disappointing since these lesions have a strong tendency to recur and may require addi- 
tional operative procedures. This paper describes 17 patients in whom treatment of the primary problem was approached through voice 
therapy. Treatment consisted of a comprehensive history and voice evaluation, stress reduction, relaxation methods, auditory and 
kinesthetic feedback, pitch change and elimination of voice abuse. Patients were closely followed by the speech pathologist and 
laryngologist whc worked together as a team. The results of voice therapy were evaluated by the laryngologist, the speech pathologist and 
the patient himself. As a result of voice therapy, the-granuloma disappeared in 9 patients, was reduced in size in 4 and remained un- 
changed in 1. For the remaining three patients, posttherapeutic laryngoscopic findings were not available. The speech pathologist found 
voice and manner of phonation returned to normal in 4 patients, improved in 7 and remained unchanged in 6. Four patients felt that com- 
plete recovery had taken place, 10 felt that some improvement was noted, and 3 felt no change had taken place. Based on the assessments of 
all three evaluators, the success rate of treatment with voice therapy can be stated as 71% (12 of 17 cases) or 100% (eliminating 5 of 17 
cases who terminated treatment very early). 


Granuloma of the larynx can be classified into Other recommended modes of treatment include 
two major groups: specific and nonspecific. The a regimen of silence,*’ change of occupation," 
former, which is considered somewhat rare, in- aerosol therapy with penicillin,’ persuading the pa- 
cludes granulomas caused by tuberculosis and tient to change his manner of speaking and elimi- 
syphilis. Nonspecific granulomas include three nating excessive consumption of alcohol.*’* Many of 
typical entities: contact granuloma, intubation these modalities, however, appear impractical and 
granuloma, and granuloma secondary to gastro- unrealistic in terms of the average patient’s lifestyle. 


esophageal reflux. This paper deals with contact 
granuloma which is basically caused by trauma 
related to phonation. It has also been termed pos- 
terior hypertrophic pachydermia or contact ulcer. 
This clinical entity was first identified by Chevalier 
Jackson in 1928.' He had collected 127 cases as far 


Thorough voice evaluation followed by voice 
therapy has been recommended as a means of treat- 
ment either in conjuntion with surgery to prevent 
recurrence, or in lieu of surgery.*"'® The important 
principle here is that if the presence of the granu- 


loma is the end result of a complex pathological pro- 
pach m t cess, removal of tissue would not necessarily affect 
Indirect laryngoscopy reveals a unilateral or bi- the underlying pathological process, in spite of any 
lateral lesion at or near the tip of the vocal process temporary palliation it might offer. Surgical remov- 
of the arytenoid cartilage. The primary etiologic al may have only temporary value and does not al- 
factor is trauma. It is the forceful meeting of the ter the basic etiologic factors.*:?: 
vocal process of the arytenoid cartilages which ini- a . 
tially causes an ulcerative lesion. Later, excessive Before 1947 there was no definitive plan of voice 
granulation tissue and eventually fibrous tissue may therapy in general use and patients were placed for 
form. It is because of the abusive manner in which long periods on absolute voice rest and occasional 
the patient uses his vocal folds that he inflicts the local excision. Many of these patients were dis- 
trauma. turbed because of the long time it took to establish 


Its, 9:13:15. 16 
Traditional treatment for contact granuloma has good results 


been surgical removal through direct laryngoscopy. Peacher and Holinger’® in 1947 were the first to 
In some cases, removal by indirect laryngoscopy as describe the effects of voice therapy for contact 
an office precedure has been the method of choice. granuloma. They reported 16 patients, 6 who re- 
Surgical treatment can be disappointing since these ceived voice therapy and 10 controls. All in- 
lesions have a strong tendency to recur and may re- dividuals who had undergone vocal reeducation 
quire repeated operative procedures.** Further- showed definitive curative results. Six of the 10 not 
more, the healing process often takes longer as the receiving treatment suffered from continuance of 
number of surgical interventions increases.° symptoms. Thus, after 1947 the direction of treat? 
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ment for contact granuloma changed. Baker re- 
viewed 19 patients. Twelve were seen before 1947, 
were placed on complete voice rest and had occa- 
sional local excisions. Seven patients were seen after 
1947 and received voice therapy with good results. 
Speech therapy was begun once the diagnosis of the 
ulceration was made. The patients found speech 
therapy, which didn’t involve lost time from work, 
more economical than voice rest. In addition, the 
tendency for the lesion to recur was less with vaice 
therapy.'* Holinger and Johnston reviewed 92 pa- 
tients, 50 of whom had voice therapy,'* Brodnitz 
reviewed 26 patients in voice therapy’! and Peacher 
studied 12-year follow-ups of 70 patients with voice 
therapy;'® all reported excellent results with this 
mode of treatment for contact granuloma. 


The main purpose of this paper is to reacquaint 
the laryngologist with voice therapy as a primary 
consideration in his treatment of contact granuloma 
of the vocal folds. While there has been much evi- 
dence of the success of voice therapy in the litera- 
ture, it dates back to before the early 1960s. This 
may be the reason that we have seen many patients 
in the past few years in whom surgery was the first 
choice of treatment. We also wish to emphasize the 
efficacy of voice therapy in this age of technological 
change in which new techniques such as endolaryn- 
geal microsurgery have become available. 


METHODS 


Subjects. During the period from June 1972 to June 1979, 17 
patients with contact granuloma were seen at our center for voice 
evaluation and therapy by our speech pathologist. Patients who 
had a history of intratracheal intubation preceding the develop- 
ment of the granuloma were not included in the investigation. All 
of the subjects were male, ranging from 30 to 74 years of age. The 
majority of these patients (11), were in the age range 30-49 years; 
three were in the group 50-59 years, 2 in the 60-69 age group, and 
l was 74 years of age. Eight patients had not undergone surgery 
for contact granuloma at any point. Nine patients were referred 
for voice therapy following surgery and recurrence of the 
granuloma. One of these 9 had had surgery on three separate-oc- 
casions for granulomas which occurred on each vocal fold. In 
most of the patients, diagnosis was based on history and laryn- 
goscopic findings. In those few cases in which there was doubt as 
to the nonspecific character of the lesion, a biopsy was performed. 


All patients were in demanding careers, either as leaders within 
companies or in occupations in which the patients reperted 
rigorous self-imposed standards. They were all in the upper- 
middle socioeconomic class. With few exceptions, all patients 
were able to correlate job-related tensions with the onset of their 
laryngeal problems. 


Patients complained of mild-to-severe hoarseness, laryngeal 
and vocal fatigue, mild-to-sharp laryngeal pain, or pain else- 
where in the head and neck, coughing up blood or a foreign-bedy 
senSation in the throat. Twelve of 17 patients reported having had 
one or more of the following gastrointestinal difficulties: hiatus 
hernia, peptic ulcer, acidity, heartburn, or stress reaction im the 
abdomen. (It was, however, unlikely that the gastrointestinal dif- 
figulties could be related to the granuloma of the vocal folds.) 


Voice Evaluation and Therapy. All 17 patients underwent in- 
direct laryngoscopic evaluation prior to referral to the speech 
pathologist. The pretherapeutic laryngologic findings were 
typical in all cases. The lesion was located at or near the tip of the 
vecal process of the arytenoid cartilage. Most patients were 


followed by the laryngologist at various intervals throughout the 
duration of the voice treatment plan. Prior to therapy, each pa- 
tient underwent a thorough diagnostic evaluation by a speech 
pathologist. This included a careful and comprehensive history of 
the patient’s complaint, associated medical and psychologic fac- 
tors, analysis of voice usage and a surface assessment of personali- 
ty dynamics. In addition, pretherapeutic and posttherapeutic 
tape recordings were made in order to note changes in the 
patient’s voice. 


Patients were seen for voice therapy once a week or less. The 
scheduling depended upon time availability and progress in thera- 
py. As the patient improved, the number of sessions decreased; 
total sessions ranged from two to 24. One patient underwent two 
series of six sessions, discontinuing prematurely and then having 
additional sessions the next year. Follow-up was from six months 
to seven years. 


Voice therapy was conventional, encompassing work directly 
aimed at changing the manner of vocal fold vibration and taking 
into account the psychological aspects of the patient’s complaint. 
The methods varied according to each patient’s needs. What was 
important for all patients, however, was an attempt to establish 
rapport and gain the patient’s respect and confidence. 


The patient was instructed to eliminate such vocally abusive 
habits as coughing, excessive throat clearing and shouting. None 
of the patients were instructed to institute complete voice rest or 
reduction in the amount of time spent talking. Voice use was 
critical to the occupation of most of these patients. Preventing the 
individual from speaking or even suggesting less speech would 
have been financially as well as morally detrimental. Patients 
were advised to curtail or reduce activities that might increase 
pressure or tension on the larynx and affect its function as a valv- 
ing system, ie, weight lifting, excessive pushing or pulling, 
strained anal elimination. When necessary, they were taught the 
essentials of adequate breathing for voice production, or given 
relaxation exercises, for the total body or for specific areas of the 
head and neck. Many of our patients used an excessively low pitch 
during conversation which sometimes dropped as low as glottal 
fry. In such cases, we instructed the patient to raise his pitch 
slightly. When there was evidence of excessive hard glottal at- 
tacks, the patient was made aware of this in an effort to eliminate 
them. All patients were instructed in the need for auditory 
discrimination for constant feedback and the continuous monitor- 
ing of conversational voice. 


The psychological aspect of voice treatment focused on the in- 
terrelationship between voice and emotional state. While many 
patients appeared relatively calm initially, a nonthreatening 
discussion of their emotional, professional and domestic lifestyles 
often aided in bringing various problems to the forefront. Helping 
the individual gain some awareness of and insight into his prob- 
lems was often enough to assist in reducing some of the tension 
associated with voice production. 


RESULTS OF VOICE THERAPY 


The results of voice therapy were judged by the 
laryngologist who followed the case, the speech 
pathologist involved in the treatment and the pa- 
tient himself. Evaluations of the results are 
categorized in the following manner. 


Laryngoscopic findings (with symbols used in 


Table 1). 
+ + Complete disappearance of granuloma 
+ Reduction in size of granuloma 
— No change in appearance of granuloma 
P Not seen again 
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TABLE 1. RESULTS OF VOICE THERAPY IN PATIENTS WITH CONTACT GRANULOMA (N = 17) 
Number of Speech Patient’s 
Previous Voice Therapy Laryngoscopic Pathologist’s Subjective 

Case Age Surgery Sessions Findings Findings Poka on 

l; 41 0 7 + + ~ - 

B, 47 0 ll + + = + 

3. 43 l 12 ++ ++ ++ 

4. 4] 3 23 + + -= = 

5. 61 0 2 P = ~ 

6. 31 l 2 + — — 

E 47 0 13 ++ + - 

8. 54 l 8 + — + 

9. 74 0 3 P — - 
10. 40 0 5 — — — 
Ii; 63 l 3 + = + 
La. 56 0 11 + + + + ++ 
13. 38 0 4 P -= — 
14. 46 l 17 + + + + + + 
15. 30 l 24 ++ ++ ++ 
16. 52 l 7 + - + 
if. 39 l 12 (6+6) ++ - + 


For explanation @ symbols, see test. 


Evaluation b” speech pathologist: 


+ + Voice recovery and manner of phonation 
within normal limits 


+ Voice and manner of phonation im- 
proved 

— No cłange in voice or manner of phona- 
tion 


Patient’s subjective evaluation: 
+ + Completely free of symptoms 


+ Symptoms improved 


No cl ange in symptoms. 


Nine patients treated were successful in eliminat- 
ing all laryngoszopic evidence of the lesion (Table 
1). In four patients the laryngologist observed that 
the size of the granuloma was significantly reduced. 
One patient shewed no change in the size of the 
growth and the remaining three patients discon- 
tinued treatment: before it was completed. 


The speech pathologist felt that in 4 patients, 
voice and manner of phonation improved to within 
normal limits; the laryngologist noted disap- 
pearance of the growth in 5 patients and marked 
improvement ir 2. For the remaining 6 patients, 
there was felt to be no significant change in voice or 
manner of phonation; the laryngologist saw im- 
provement in 2 patients and no change in 1; 3 pa- 
tients were not een again. 


Four patients felt that all symptoms had disap- 
peared and wer= in agreement with the laryngolo- 
gist, who no longer saw evidence of the growth, and 
the speech pathdlogist who diagnosed complete voice 
recovery. The macority, ten patients, felt that they 
had made some progress in symptom alleviation. Of 
these 10, 7 werefound to have made progress by the 
speech patholog st and 3 showed no change. For the 


laryngologist 5 of these 10 patients showed complete 
disappearance of the growth, 3 had some reduction 
in size of the granuloma and 2 did not return for a 
second visit. Three patients felt that the symptoms 
were not alleviated and the speech pathologist con- 
curred that there had been no change. For the lar- 
yngologist, 1 patient did improve, 1 showed no 
change and | was not seen again. 


It should be noted that in many cases where the 
otolaryngologist no longer saw evidence of the 
growth, the speech pathologist thought more could 
be done with the patient. The patient was also a 
severe critic in terms of evaluating symptoms when 
the growth had disappeared. This was believed to 
have been a result of the therapeutic process in 
which the patient was taught to monitor the audi- 
tory and kinesthetic feedback aspects of his sound 
production constantly; in doing so he became his 
own severest critic. 


Looking at the results in terms of all three eval- 
uators, voice therapy was successful in 12 of 17 
cases, or 71%. The remaining five patients (Nos. 5, 
6, 9, 10 and 13) had five or fewer sessions before 
discontinuing therapy. If we exclude these five pa- 
tients the success rate would be 11 of 11, or 100%. 


Nine patients had undergone surgery for removal 
of contact granuloma, suffered a recurrence, and 
then sought voice therapy. Of these patients, eight 
showed significant improvement with voice thera- 
py. For another 8 patients voice therapy was the 
primary mode of treatment; of these patients, 4 
showed improvement, and the remaining 4, who dis- 
continued after five or fewer sessions, showed little 
or no improvement. The fact that therapy was more 
successful with the patients who had undergone 
surgery can be attributed to the fact that these pa- 
tients were more concerned with continuing treat- 
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Fig. 1. Line drawings of photographs obtained by indirect laryngascopies of patient with contact granuloma treated 
with voice therapy. A) Larynx prior to initiation of voice therapy; B) larynx midway through therapy; C) larynx after com- 
pletion of voice therapy. 


ment and showed more persistence in the therapeu- 
tic process. 


Indirect laryngoscopy provided evidence of the 
efficacy of voice therapy in patient 3 (Table 1 and 
Fig. 1). Details of this patient’s progress have been 
reported by Bloch and Gould.’ 


COMMENT 


The results of the present investigation demon- 
strate that voice therapy is an effective mode of 
treatment in many cases of contact granuloma of 
the vocal fold. Voice therapy can be utilized as the 
single treatment method for elimination of the le- 
sion and of the symptoms. It is applicable both to 
early and to fairly extensive lesions. It is also 
valuable postsurgically as a means of preventing 
recurrence. For two additional patients voice 
therapy was instituted following surgical »emoval 
of contact granuloma as a means to prevent recur- 
rence. In both cases, therapy was successful in 
preventing recurrence, in effecting a positive man- 
ner of phonation and in providing symptom relief. 


The importance of the team approach to manage- 
ment of this disease must be emphasized. The 
laryngologist and the speech pathologist should 
work together for successful management. Ongoing 
discussion of changes in symptoms as treatment pro- 


ceeds is important to insure adequate patient care. 
Ideally, when a patient presents with symptoms of 
contact granuloma, he should be seen by both the 
laryngologist and the speech pathologist. The 
laryngologist should see the patient initially to 
diagnose and describe the lesion. Biopsy may be in- 
dicated in doubtful cases. The patient should be 
referred to a speech pathologist for diagnostic 
evaluation and a trial period of voice therapy. 
Periodic discussions between specialists help to 
assess the patient’s progress from the viewpoint of 
both disciplines. The decision to continue voice 
therapy or attempt surgery also should be made 
jointly. If surgery is necessary, then speech therapy 
should be continued postoperatively to prevent 
recurrence. 


The question of when voice therapy might be dis- 
continued may be based not only on evidence of 
norma! vocal fold appearance, but on complete 
remission as assessed by the patient, laryngologist 
and speech pathologist. Laryngologic information 
of complete disappearance of granuloma does not 
necessarily imply a complete resolution of the pa- 
tient’s problems. It might be that remaining symp- 
toms are experienced by the patient, and the assess- 
ment of voice and the manner of phonation by the 
speech pathologist are the only means of determin- 
ing realistically the resolution of underlying prob- 
lems. 
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NINCDS NOTES* 


OTITIS MEDIA RESEARCH CENTER FUNDED 


NINCDS is stepping up efforts to improve recognition and treatment of otitis media. Latest in a series of actions toward this end is a 
9-year grant to the Univers ty Health Center of Pittsburgh for an otitis media research center. To be headed by Dr. Charles D. Bluestone, 
Professor of Otolaryngology at the University of Pittsburgh, the center will conduct basic and clinical research into every aspect of middle 
ear infections, the most common childhood illness diagnosed by physicians in the United States. 


Studies that center sci-ntists will undertake include comparing the effectiveness of different treatments of otitis media, such as myrin- 
gotomy and removal of toasi.s and adenoids. 


Even when diagnosedzand controlled before any complications occur, otitis media costs the Nation some $1.5 billion in yearly medical 


bills. The new center is expec-ed to make important contributions toward settling some of the controversies surrounding treatment of otitis 
media, ultimately reducing its human and economic costs, 


REYE’S SYNDROME CONFERENCE SET FOR MARCH 


“The Diagnosis and Ereatment of Reye’s Syndrome” will be the subject of an NIH Consensus Development Conference March 2-4, 
1981, at NIH. 


For information, cortaet: Dr. Joseph S. Drage, Chief, Developmental Neurology Branch, NDP, NINCDS, Rm. 816, Federal 
Building, Bethesda, MD 2205, (301) 496-6701. 


TENTATIVE CONSENSUS REACHED ON BRAIN DISSECTION ISSUES 


HEAD AND SPINAL CORD INJURY SURVEY PUBLISHED 


A survey sponsored by NINCDS scientists is considered to be the first reliable statistical picture of the incidence and costs of head and 
pinal cord injury in the Jnited States. A limited number of copies of the survey report, published as a supplement to the Journal of 
Veurosurgery (Volume 53 November 1980), are available from the Office of Scientific and Health Reports, NINCDS. 


* This information is prepared monthly by the Office of Scientific and Health Reports, National Institute of Neurological and Communicative Disorders 
nd Stroke, National Institutes af Health, Bldg. 31, Rm. 8A06, Bethesda, MD 20205, (301) 496-575]. 
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CHONDROSARCOMA AT THE SKULL BASE 


I, GAY, MD 


J. ELIDAN, MD 


J. KOPOLOVIC, MD 


JERUSALEM, ISRAEL 


A rare case of chondrosarcoma at the skull base is presented. Computerized tomegraphy scan was very helpful in delineating the exact 
extent of the tumor. Chondrosarcoma is a slow growing malignant tumor which metastasizes very late. Usually it is radioresistant, but 


when surgery is not feasible, irradiation treatment is worth a trial. 


Chondrosarcomas arising in the base of skull are 
very rare. The incidence of all kinds of sarcomas is 
no more than 1% of all malignant tumors of head 
and neck.' Gaisford and Hanna? found two cases of 
chondrosarcomas among 36 cases of head and neck 
sarcomas. In the series of Ketchan et al,' out of 19 
cases of head and neck sarcomas, 2 were classified 
as chondrosarcomas. Arlen et al,’ found 18 cases of 
chondrosarcomas of the head and neck, over a peri- 
od of 36 years (excluding lesions of the larynx). 
None of these tumors was reported to originate from 
the basicranium, although death usually occurred 
as a result of extension into the cranial cavity. Jones‘ 
estimated that only 10% of chondrosarcomas oecur 
in the head and neck regions. He described seven 
cases, one of which originated in the ethmoid com- 
plex, and another one arose from the nasopharynx. 
Coats and his associates in 19775 presented the 
largest series of sarcomas of the nasal cavity, 
paranasal sinuses, and nasopharynx. Out of 82 pa- 
tients who were seen at the Mayo Clinic during a 
period of 25 years, with sarcomas of those regions, 
13 (16%) were classified as chondrosarcomas. In all 
the cases which arose in the region of the nasal cavi- 
ty, the clinical picture was predominated by nasal 
symptoms. 


We present here a case of chondrosarcoma which 
was unusual in its clinical symptomatology. 


CASE REPORT 


A 50-year-old male tourist from Iran was ad- 
mitted to Hadassah University Hospital for evalua- 
tion of severe headache and complete blindness in 
his left eye. His complaints had started about six 
months before admission with slow deterioration of 
vision in this eye. He was examined and treated in 
Iran by retrobulbar injections (of steroids?) but 
without any effect. 


"On admission, his general condition was good. 
The ophthalmological examination revealed prop- 
tosis of 4 mm of the left globe, and advanced optic 
atrophy was noticed. The eye movements were ror- 
mal. The ears were normal. The inferior concha 


was markedly hypertrophied on the left side, but no 
sign of tumor was seen either in the nose or in the 
nasopharynx. The rest of the physical examination 
was within normal limits. 


Regular x-ray pictures and anterior-posterior 
tomography of the nasal sinuses demonstrated a 
large mass with increased density (between soft 
tissue and bone density) involving the left ethmoid 
and the sphenoid sinuses, with extension into the 
posterior part of the left orbit, into the cranial cavi- 
ty, and to the roof of the left nasal fossa (Fig. 1). 


Computerized tomography (CT) scan confirmed 
the above findings (Fig. 2) and showed the tumor 
penetrating into the left orbit. The optic nerve was 
displaced laterally, and the globe was pushed for- 


ward. 


On the third hospitalization day diagnostic an- 
trotomy, through a Caldwell-Luc approach was 
done. The left maxillary sinus was found to be nor- 
mal. The ethmoid sinuses were entered and a hard, 
pale tumoral tissue was encountered. 





Fig. 1. Anterior-posterior tomography of the paranasal 
sinuses. The tumor is demonstrated by the markedly dense 
mass, invelving the left ethmoid sinus, the posterior part of 
the left orbit, and the upper part of the left nose. 


From the Departments of Otolaryngology and Pathology, Hadassah University Hospital, Jerusalem, Israel. 
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Fig. 2. Computerized tomography scan of the skull. The 
tumor is well shown by the dense mass in the left ethmoid 
and sphenoid sinuses, penetrating into the left orbit, 
pushing the optic nerve and the globe. The density of the 
tumor is almost equa! to that of bone. 


The biopsied material consisted of fragments of 
upper respiratory tract epithelium, fibrovascular 
tissue, bone with fibrosis and fragments of car- 
tilage. The cartilage showed areas of hypercel- 
lularity with binucleated and multinucleated chon- 
drocytes (Figs. 3 and 4). The nuclei of the chon- 
drocytes were hyperchromatic and pleomorphic. 
The stroma was myxomatous hyalinized and with 
some areas of calcification. The histological diag- 
nosis was chondrosarcoma, well-differentiated. 


It was obvious that no definite surgical treatment 





Fig. 3. Malignant cartilage with areas of calcification 
and hyalinization. (H&E, x100) 





Fig. 4. Cellular area with pleomorphic and hyperchro- 
matic chondrocytes. (H&E, x400) 


was possible. The patient was referred to Oncology 
Department for irradiation treatment. 


DISCUSSION 


Chondrosarcoma of the head and neck can be di- 
vided into three groups:* 1) those arising from the 
base of the skull and from the nasal cavity regions; 
2) those arising from the larynx; and 3) miscellane- 
ous. 


The tumor in this case arose from the sphenoeth- 
moidal region. It is very difficult usually to decide 
where the exact site of origin of these tumors is, be- 
cause they are in an advanced stage when first diag- 
nosed. 


Fifty-seven cases of chondrosarcomas originating 
in the sphenoid region are reported in the literature 
till 1973.4 In most of them the presenting symptom 
was some nasal disturbances, eg, obstruction and 
bleeding, and in almost all of them nasal or naso- 
pharyngeal examination revealed a tumor mass.** 
The present case was unusual and marked by the 
lack of any nasal symptomatology, although the ra- 
diological study showed extension to the roof of the 
nasal fossa. The source of cartilaginous tumors in 
this region is believed to be from “cartilaginous cell 
rests’* in the basicranium, which is preformed in 
cartilage. 


The roentgenological manifestations of chondro- 
sarcoma include bony destruction, mass or opacity 
involving one or more of the paranasal sinuses,‘ 
usually with motling calcification. The high density 
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of the tumor mass shown by tomographs in the pre- 
sent case is remarkable. The CT scan picture, one of 
the first published of chondrosarcoma was very 
helpful in delineating the exact extent of the tumor. 


Chondrosarcoma at the sphenoid region should 
be differentiated from chondroma, chordema, men- 
ingioma, craniopharyngioma, or even with arterial 
aneurysm.° Among these, chordoma is the most dif- 
ficult to differentiate clinically, radiologically and 
pathologically. 


The clinical course of osteosarcoma is usually 
much more aggressive.? Whereas the osteocarti- 
laginous neoplasms generally arise in a parasellar 
location and later may destroy the clivus or sella 
turcica, chordomas are typically found in the mid- 
line, near the clivus, and are not parasellar until 
relatively large. 


The histological diagnosis of chondrosarcoma 
may present difficulties. Well-differentiated chon- 
drosarcoma may resemble benign chondroma with 
differentiated chondrocytes. Only in some foci the 
chondrocytes may show cytologic characteristics of 
malignancy such as increased cellularity, binu- 
cleated and multinucleated chondrocytes with hy- 
perchromatic, pleomorphic and plump nuclei; bi- 


opsy material may contain only the well-differen- 
tiated areas and the diagnosis of malignancy may be 
postponed until recurrence and adequate biopsy is 
performed. 


The histologic diagnosis may be particularly dif- 
ficult in the case of “chondroid chordoma” de- 
scribed by Heffelfinger et al’? as mixture of chor- 
doma with chondroid component that has the fea- 
tures of chondroma or chondrosarcoma. Other di- 
agnostic difficulty may arise in differentiation of 
chondrosarcoma from osteogenic sarcoma. Chon- 
drosarcoma may show areas of calcification and os- 
sification. However, chondrosarcoma does not 
show neoplastic osteoid, nor osseous tissue nor sar- 
comatous connective tissue stroma. 


Chondrosarcoma are slow-growing malignant tu- 
mors which metastasize very late and usually cause 
death by local extension and intracranial involve- 
ment.‘*:* The tumor is radioresistant,'® but there 
are few reports in the literature of good response to 
irradiation.” ° 


The only effective curative treatment is wide 
radical excision, if feasible.*4 This treatment is con- 
traindicated in cases where the tumor originates 
from or spreads to the base of the skull. 
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STUDY OF VENTILATION TESTING WITH 
ELECTRON YSTAGMOGRAPHY 


WILLIAM R. WILSON, MD 


JIN W. KIM, MD 


BOSTON, MASSACHUSETTS 


Provocation tests sach as head shaking and positional tests, as well as hyperventilation, have been used routinely by many laboratories 
to elicit nystagmus during an electronystagmogram. We added oxygen testing to this routine battery and compared the results with 
hyperventilation and other forms of provocative testing. Hyperventilation and oxygen testing are unique in that they probably affect the 
vestibular system by changing the levels of oxygen and carbon dioxide supplied. Hyperventilation in theory would decrease available ox- 
ygen, while oxygen testing would cause an increase. In a study of two groups totaling over 700 patients, we found that oxygen testing is on- 
ly occasionally positive (2.5% ) and is of little practical value. Hyperventilation testing is positive 8% of the time but rarely alone, and has 
no localizing value. When hyperventilation and oxygen tests are both positive, the nystagmus may be in opposite directions. In 6 of 18 pa- 
tients with acoustic neurinomas, hyperventilation produced transitory direction-changing nystagmus. 


INTRODUCTION 


Vertigo and disequilibrium are the symptomatic 
complaints associated with dysfunction of the ves- 
tibular system. One of the objective counterparts of 
these complaints is nystagmus. In many patients 
nystagmus associated with nonacute vestibular in- 
jury can be detected only by electronystagmograph- 
ic (ENG) recordings mace with the subject’s eyes 
closed. On an ENG, latent nystagmus (LN) may be 
present, but often nystagmus must be evoked by the 
use of any of several provocative testing maneuvers 
such as head shaking (HS), positional testing (PT), 
and hyperventilation (HV). 


To this group of provocative testing maneuvers 
we have added oxygen testing in order to study its 
effects, along with that cf hyperventilation, upon 
the vestibular system. Hyperventilation and oxygen 
testing together we call ventilation testing (VT). 
These tests are unique in that they might affect the 
vestibular system by altering the arterial partial 
pressure of carbon dioxide (PaCO,) or oxygen 
(PaO,). 


METHODS 


Seven hundred ENGs from patients examined at the Massachu- 
setts Eye and Ear Infirmary with vestibular complaints were 
studied. The recording method utilized skin electrodes for direct- 
current recordings of nystagmus throughout all tests. No attempts 
were made to assess patients for the presence of pulmonary or car- 
diovascular disease and no preselection of the patients was made 
on the basis of the presumed vestibular system diagnosis in this 


group. 

The test consisted of a pretest tracing taken in the erect-sitting, 
eyes-closed position in a darkened room. At this time, it was es- 
tablished if nystagmus was present or absent. The patient was 
then asked to hyperventilate as rapidly as possible for three 


minutes, and a tracing was taken. Some of the patients were 
unable to complete this task as they became lightheaded or ver- 
tiginous before the allotted time, and tracings were taken at the 
point when they became unable to continue. After a five-minute 
rest period the oxygen test was performed. Oxygen was ad- 
ministered with a McKesson anesthesia machine employing a 
semiclosed-circle system with a CO, absorber. This apparatus 
was used to ensure a stable PaCO, for the duration of the test. The 
patients wore a tightly fiting rubber face mask and received 100 % 
oxygen at the flow rate of six liters per minute. Patients were 
asked to breathe spontaneously for four minutes. At the end of this 
time, an ENG tracing was taken. No attempts were made to mea- 
sure the arterial PaO, or PaCO, nor were exhaled gasses 
measured. 


Definition of a Positive Response. There were several forms of 
positive response to VT. First, enhancement of nystagmus; this is 
defined as the onset of nystagmus when it was not present imme- 
diately prior to HV or O; testing (Fig. 1), or an increase of 100 % 
or more in the slope of the slow phase nystagmus compared to the 
pretest slope (Fig. 2), or the establishment of regularly beating 
nystagmus when the pretest spontaneous nystagmus merely con- 
sists of occasional scattered beats. Second, reduction of spontane- 
ous nystagmus; this positive finding was noted when brisk 
nystagmus observed immediately prior to testing was absent fol- 
lowing HV or QO). Third, direction-changing nystagmus; this was 
observed when HV and oxygenation tests produced nystagmus in 
directions opposite to one another, or when direction-changing 
nystagmus was noted during one of these tests (Figs. 3 and 4). 
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Fig. 1. Hyperventilation test. ot Before hyperventilation 
no nystagmus is present. B) Following hyperventilation 
left-beating nystagmus is present. 


From the Departments of Otolaryngology and Anesthesiology, Massachusetts Eye and Ear Infirmary, Boston, Massachusetts. 
” REPRINTS — William R. Wilson, MD, Department of Otolaryngology, Massachusetts Eye and Ear Infirmary, 243 Charles Street, Boston, MA 02114. 
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Fig. 2. Slope of the slow phase of spontaneous nystag- 
mus present prior to hyperventilation was increased by this 
test. A) Before hyperventilation; B) After hyperventilation. 


RESULTS 


A group of 500 randomly selected ENGs were re- 
viewed to establish the incidence of positive VTs 
(Table 1). The mean age of the 500 patients was 
45.0 years. Of this group, 54 patients (11 %) with a 
mean age of 48.5 years had positive VTs. 


Forty-one patients had positive HV tests alone 
and three patients were positive for both HV and O, 
testing. Two patients, both with acoustic neurino- 
mas, had transient direction-changing nystagmus 
produced by HV. 


Only 13 of 500 patients (2.5%), with a mean age 
of 55.9 years, had positive oxygen tests. While the 
sample is too small to be significant, there is a 
tendency for these patients to be elder. As men- 
tioned above, three of these patiemts had positive 
HV tests as well. In two instances nystagmus in- 
duced by O, was in a direction opposite to that in- 
duced by HV (Fig. 3). 


In the majority of patients nystagmus was not 
produced de novo by HV or O, but could be found 
elsewhere on the ENG as LN, or could be evoked by 
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Fig. 3. Hyperventilation and oxygen testing can induce 
nystagmus in opposite directions. This finding occurred in 
two patients reported in this study. A) Before hyperventila- 
tion; B) After dened pede C) After 100% oxygen. 
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Fig. 4. senenin test. A) B) Direction-changing 
nystagmus in a patient with acoustic neurinoma. 


HS and PT. The effect of HV and O, testing was to 
enhance nystagmus over 90% of the time rather 
than reduce spontaneous nystagmus or cause a 
change in direction. Also, it was found that HV test- 
ing provides a much stronger stimulus than 0, test- 
ing as it was positive four times more frequently. 


Because of the impression from the first 100 
charts reviewed that the mean age of patients with 
positive VTs is greater than the group mean, a sec- 
ond group of 200 charts was reviewed. The charts 
were taken at random and included 100 patients 
under 40 years of age and 100 patients 40 years or 
older. We found no age difference between the inci- 
dence of LN or provoked nystagmus as manifested 
by HS or PT (Table 2). However, there was a ten- 
dency for the VTs to be positive more often in the 40 
and over group (P = 0.07). There was no difference 
among the age groups in the number of normal ENGs 
or those with readings of central or peripheral 
vestibular dysfunction. 


The records of 18 patients with acoustic neurino- 
mas, who represent all those seen in the ENG labor- 
atory from 1974 to present, were reviewed. Of this 
group, six patients (33%) were found to have tran- 
sient (lasting less than one minute) direction- 
changing (D-C) nystagmus during the HV test (Fig. 

4). The incidence of D-C nystagmus in the total 
population was 2 in 500 or 0.04%; this difference 
was significant to the P< 0.001 level. 


Audiograms of the six patients with acoustic neu- 
rinomas and positive D-C hyperventilation tests 
demonstrate relatively good hearing when com- 
pared with the group of 12 patients who did not 
have D-C hyperventilation tests. All six had sloping 
high-frequency hearing losses with sufficient resid- 
ual hearing to perform tone decay and recruitment 
tests in five of the six patients. Among the 12 pa- 
tients with acoustic neurinomas without a positive 


TABLE 1. POSITIVE ENG RESULTS IN 500 PATIENTS 
s 


Patients Mean Age* 
Test Results No. % r 
Positive for HV or O, 54 11.0 48.5 
Positive for HV alone 4] 8.0 — 
Positive for HV and O, 
combined 3 0.5 — 
Positive for O, alone 10 2.0 55.9 


*Mean age of the 500 patients reviewed: 45.0 yr. 
HV - Hyperventilation; ENG - Electronystagmogram. 
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TABLE 2. COMPARIS@N OF PATIENTS BY PROVOCATIVE 
TESTS AND AGE GROUP (N = 200) 


EN HS PF Vir 


100 patients under 40 years 9 29 53 9 
100 patients over 40 years 10 32 65 18 
% increase over 40 years 5 5 9 33 


LN - Latent nystagmus; HS - Head shaking; PT - Positional tests; VT 
-Ventilation tests. 


D-C hyperventilation test, only 5 of 12 patients had 
sufficient hearing to perform both these tests. In the 
D-C group, the speech reception threshold (SRT) 
ranged from 25 to 70 dB, and discrimination from 
88 to 0%. The tone decay test, suggesting neural 
dysfunction, was positive in five of six patients; and 
recruitment, generally considered to be a test of 
cochlear injury, was positive in half of these pa- 
tients. There was ro correlation noted between the 
degree of reduced vestibular response on the Hall- 
pike caloric tests and the amount of hearing loss in 
this small group of patients. By reviewing operative 
notes and radiology reports, no difference could be 
found between groups in tumor size or the inci- 
dence of widening tne internal auditory canals or 
meatuses. 


It seems reasonzb.e to assume that the hearing 
loss and vestibular cnanges from acoustic neurino- 
mas are due, in pert, to vascular compression and 
changes in perfusicn of the involved nerve and end- 
organ. The above data are consistent, with the con- 
cept that a positive D-C hyperventilation test is 
found during an earlier stage of neurovascular com- 
pression by injury due to the effect of HV on the 
partial pressures of O, and CQ). 


DISCUSSION 


Hyperventilation has been used as a provocative 
test for eliciting vertigo and nystagmus. Drachman 
and Hart! analyzed 104 patients with complaints of 
vertigo and foune -hat a patients complaint of 
chronic dizziness could be reproduced by HV in 
nearly 25% of tkose patients studied. Although 
some of these patierts were felt by the authors to 
have self-induced psychogenic dizziness, it was HV 
that produced tha: patient’s symptoms of dizziness 
and nystagmus. Ir eddition, they described a syn- 
drome of positional vertigo that occurred only after 
HV in two of their patients and thereby thought 
that these methods of eliciting symptoms might be 
additive. 


The effects of HV upon a locus of vestibular dys- 
function are compiex. First, VT requires the active 
participation of the test subject which may serve to 
increase nystagmus through an alerting response. 
Second, the physielogic effect of HV is to decrease 
PaCO, by blowing air off through the lung. Hyper- 
ventilation causes little or no change in the partial 
pressure of oxygen or oxygen saturation of hemo- 
globin because the relatively low partial pressure of 


oxygen in room air becomes a limiting factor. Since 
hypocapnia, which in this instance results from HV, 
is a strong stimuli for cerebral vasoconstriction, 
there is a subsequent reduction of cerebral blood 
flow in conscious man.’ It is likely, therefore, that a 
reduction in available O, as well as CO, to the 
vestibular and neural tissue occurs during the HV 
test. 


On the other hand, breathing 100% oxygen over 
four minutes will increase the PaO, from 95 mm Hg 
to over 600 mm Hg in a normal, young individual.’ 
Aging factors such as chronic pulmonary disease, pul- 
monary shunts, and cardiovascular disease would 
all serve to reduce the PaO, achieved in elderly peo- 
ple. One hundred percent oxygenation for a short 
period of time is a relatively benign procedure that 
results in increased oxygen tension throughout the 
body including the vestibular system. The effect of 
this test in terms of available oxygen would be the 
opposite to HV.** 


Hyperventilation testing amounts to a stronger 
stimulus in the younger age groups because of great- 
er cardiovascular reactivity. It has been demon- 
strated that HV causes EEG slowing that is closely 
correlated to a reduction in cerebral venous oxygen 
and these changes are more marked in young pa- 
tients.° Therefore, a paradox exists. Vascular dis- 
ease as it exists in an older population probably 
causes symptomatic ischemic vestibular injuries, 
but the same disease process makes the results of HV 
or breathing 100% oxygen less dramatic in the af- 
fected individuals. 


Bruner and Norris’ studied age-related changes in 
ENG. They found, as we, that ENG did not vary 
greatly with age. Our study demonstrated a tenden- 
cy for increased incidence for positive oxygen 
testing in a patient group over 40 years of age that 
may be related to increased vascular disease with 
advancing age. 


Following acute cerebral infarction, unexpected 
responses to HV and subsequent hypocapnia can oc- 
cur. The vasoconstriction of hypocapnia can, at 
times, displace blood toward an ischemic zone, “in- 
verse intracerebral steal.’* This special situation is 
unlikely to occur in our patient population. 


The effects of changes in both oxygen and carbon 
dioxide tension on those patients studied were to in- 
crease nystagmus in the majority of cases. That HV 
and O, testing work in opposing manners is sup- 
ported by the fact that two patients that we exam- 
mined had a vestibular disorder that responded dif- 
ferently to hypocapnia and reduced oxygen tension 
than to increased oxygen tension. These theories, 
however, require further corroborating neurophysi- 
ological and anatomical data. 


CONCLUSIONS 


1. Hyperventilation tests are positive 8% of the 
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time and are useful for provocative testing of the 3. It is likely that HV and O, tests have opposite 
vestibular system. However, they are rarely found effects upon the oxygenation of the vestibular end- 
as isolated findings on an ENG. organ. 

2. Oxygen testing is positive only 2.5% of the 4. Transient direction-changing nystagmus was 
time and was determined not to be a practical found to occur with acoustic neurinomas in about 
screening test. one third of cases. 
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AFIP TRAINING PROGRAM IN HEAD AND NECK PATHOLOGY 


A three-month fellowship is available to residents in training in otolaryngology as well as postgraduate fellows. This fellowship is 
designed to provide a broad-based understanding of pathology of the head and neck in one of the institutions with the most expertise and 
experience in this country. The curriculum consists of daily lecture periods discussing the pathology of the head and neck area, examination 
and discussions of interesting consultation cases, self study material and encouragement to undertake a publishable research project. 
Facilities for temporal bone dissection are available. 


Interested candidates may contact Vincent J. Hyams, MD, Chief, Otolaryngic Pathology, Armed Forces Institute of Pathology, 
Washington, DC 20306. 
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FAMILIAL MULTIPLE GLOMUS TUMORS AND 
PHEOCHROMOCYTOMAS 


JAMES L. PARKIN, MD, MS 


SALT LAKE CITY, UTAH 


Isolated cazes of cervical cranial glomus tumors have been reported in association with pheochromocytoma. Two family pedigrees are 
presented and four individual cases discussed indicating a hereditary syndrome of pheochromocytoma associated with multiple glomus 
tumors of the head and neck. The hereditary potential has not previously been described. In three of the patients, the pheochromocytomas 
were asymptonatic at the time of initial presentation. These pheochromocytomas were discovered by arteriography after one of the pa- 
tients developed a hypertensive crisis with the induction of anesthesia. The silent presence of pheochromocytoma in patients with multiple 
glomus tumors -hould be considered in the evaluation of these patients. 


In 1957 Haller first reported an anatomical struc- 
ture in the cerotid bifurcation region termed the ca- 
rotid body.' This structure consists of cells which 
fail to give a histological chromaffin reaction and 
are structurally similar to the neuroectodermal 
paraganglior cells found in the adrenal medulla. 
Similar histelogical tissue has subsequently been 
described in various anatomical areas, mainly in the 
head and ne:k regions.” 


Neoplastic growth originating in this specialized 
tissue has generated much interest resulting in a 
large numbe- of contributions to the medical litera- 
ture of the past 30 years. In 1956, because of the 
theoretical chemoreceptor activity of the glomus 
tissue, Mulligan suggested the term chemodectoma 
to describe tie tumors which originate from these 
cells.* Conley and Clairmont state that the tumor 
should be called nonchromaffin paragangliomas, 
which they telieve more accurately indicates their 
cellular orig n.5 Others prefer to call these neo- 
plasms glomms tumors with the additional ana- 
tomical terminology indicating the tumor location, 
ie, glomus jigulare, glomus vagale, and glomus 
tympanicum etc. The term glomus tumors will be 
used in this paper recognizing that other authors 
prefer different terminology. 


The carotid body tumor is the most common form 
of cervical cranial glomus tumors, The first carotid 
body tumor -emoval was accomplished in 1880 by 
Riegner.’* Ir 1945, Rosenwasser’ first described the 
removal of a vascular middle ear tumor and associ- 
ated this tumor etiologically with the glomus struc- 
ture described by Guild.’ Glomus tumors have been 
described in other locations including the trachea, 
periaortic ar2a, mandible, ciliary ganglion of the 
eye, retroper toneal region, and in association with 
the cervical vagus nerve and with the laryngeal 
branches of the vagus nerve. 


Glomus tumors most frequently present in the 


fifth and sixth decades of life; however, they have 


been reported in patients as young as six months and 
over 80 years of age. Carotid body glomus tumors 
usually present as painless, firm, pulsatile neck 
masses. Glomus tympanicum and glomus jugulare 
tumors present most commonly with hearing loss 
and tinnitus. The presenting symptoms may be 
from the tumor bulk itself, or from tumor extension 
to adjacent vital structures. Cranial nerve paralysis 
is a frequent sign seen at patient presentation. 


Patient evaluation must include a careful history 
and physical examination. The probable diagnosis 
of glomus tumor and the anatomic extent are best 
determined by radiographic evaluations including 
skull films, temporal bone polytomography, carotid 
arteriography, retrograde jugulography, and com- 
puterized axial tomography. Selective arterio- 
graphy is, in the author’s opinion, the most helpful 
radiographic technique for diagnosis and delin- 
eation of glomus tumors. Careful attention to the 
venous phase of the arteriography will often allow 
assessment of the patency of the jugular venous 
system without submitting the patient to retrograde 


jugulography. 


A familial incidence of glomus tumors in some 
patients indicates a hereditary factor. The heredi- 
tary pattern in familial glomus tumors appears to be 
autosomal dominant.'° Multiplicity of these tumors 
occurs in approximately 25 to 35% of the hereditary 
variety, but in less than 5% of the nonhereditary 
variety.5:8? 


The association of cervical cranial glomus tumors 
with pheochromocytomas has been reported.'!:!? No 
hereditary factor was evident in these reports. 
Pheochromocytomas have also been reported in 
association with neurofibromatosis, hemangioblas- 
tomas, medullary carcinoma of the thyroid, epen- 
dymoma, astrocytoma and carcinoid tumors." 
Some of these associations do occur in hereditary . 
patterns. 


From tne Division of Otolaryngology, Department of Surgery, College of Medicine, University of Utah, Salt Lake City, Utah. 
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Fig. 1. (Case 1) A) Subtraction arteriography demonstrating glomus jugulare tumor. The blush of the carotid body 
tumor can also be seen. B) Retrograde jugulography demonstrating blockage of the internal jugular vein at the jugular bulb. 


PATIENTS AND METHODS 


Case 1. This patient first presented as a 19-year-old white fe- 
male in January 1975, with a vascular polyp of the right ear 
canal. Carotid arteriography revealed two probable glomus 
tumors on the right side, a large glomus jugulare, and a carotid 
body tumor (Fig. 1A). Retrograde jugulography demonstrated 
occlusion of the internal jugular vein at the region of the jugular 
bulb (Fig. 1B). The patient was normotensive and gave no history 
of hypertension. 


Surgical excision of the glomus jugulare was aceomplished 
through an extended radical mastoidectomy and high cervical 
dissection. The carotid body tumor was excised at the same time. 
It was necessary to mobilize the facial nerve from the geniculate 
ganglion to the extratemporal segment in order to achieve excision 
of the glomus jugulare tumor. Postoperatively the patient had 
moderately good facial function which deteriorated over a three- 
day period. A wound infection developed in the mastoid area 
which was successfully treated with antibiotics. The patient had 
no significant recovery of facial nerve function at eight months 
following her surgery. 


At ten months postoperatively, it was elected to perform a 
facial nerve graft. During induction of anesthesia, a hypertensive 
crisis developed and surgery was deferred. The hypertensive crisis 
was managed without complication. Additional medical workup 
revealed elevated urinary metanephrine and vanillylmandelic 
acid levels. Arteriography was performed revealing a suprarenal 
pheochromocytoma which was subsequently successfully excised. 
The facial nerve graft was accomplished at a later date with good 
results. 


Case 2. This 34-year-old white male, brother of patient of case 
l, presented in October 1977 with bilateral anterier cervical 
masses. These masses were firm and pulsatile. The patient had a 


Fig. 2. (Case 2) 
carotid body tumor. 
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Arteriographic demonstration of left 
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Fig. 3 (Case 3 Demonstration of asymptomatic pheo- 
chromocytoma Giscovered with abdominal arteriography. 


history of hypertension and had undergone a full hypertensive 
workup within the vear prior to admission. Urinary metaneph- 
rine levels and vanilylmandelic acid levels were normal. An in- 
travenous pyelograra had also been normal within the year prior 
to admission. 


Arteriography wes performed revealing bilateral carotid body 
tumors (Fig. 2). Abcominal arteriography revealed no evidence of 
pheochromocytoma The right carotid body tumor was excised in 
October 1977. Durimg surgery a tear developed high in the inter- 
nal carotid artery. A graft could not be placed so the internal 
carotid artery wa ligated. Postoperatively the patient was 
carefully monitore blood pressure maintained, and oxygen ad- 
ministered. He reccvered without sequelae. 


Six months later, repeat arteriography revealed the left carotid 
body tumor to be ncreasing in size. Again, abdominal arterio- 
graphy was performed with the presence of a suprarenal pheo- 
chromocytoma now being confirmed. This later tumor was suc- 
cessfully excised. The patient was allowed to return home and 
was readmitted in August 1978 for excision of the left carotid 
body tumor. This excision was undertaken with apprehension 
because of the complication encountered on the opposite side. A 
cardiovascular surgeon assisted with the second excision which 
was accomplished without complication and with an estimated 
blood loss of 250 œ. Postoperatively the patient has done well. 
However, he contiaues to have mild hypertension. 


Case 3. This 23-year-old male brother of patients of cases 1 
and 2 presented in October 1977 during a visit to his brother in 
the hospital. Bilatera. asymptomatic neck masses were discov- 
ered. The patient wes normotensive. He was admitted to the 
hospital and selective bilateral carotid arteriography and ab- 
dominal arteriograshy were performed (Fig. 3). These studies 
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Fig. 5. (Case 4) Pedigree. There is no other known 
history of chemodectoma in family lines. 


revealed bilateral glomus tumors of the carotid bodies and an 
asymptomatic pheochromocytoma. The patient’s urinary cate- 
cholamine tests were all normal. Excision of the pheochromo- 
cytoma was accomplished on this hospital admission. 


Following recovery from the abdominal surgery the patient 
was readmitted in January and February 1978 for the uneventful 
excision of the right and then the left carotid body tumors. His 
postoperative course has been without complications and he re- 
mains normotensive. 


Case 4. This 33-year-old white female with a history of multi- 
ple pheochromocytomas of the bladder and retroperitoneum was 
first evaluated by the author in October 1977. She also had a 
history of surgical removal of a right glomus tympanicum, bilat- 
eral carotid body glomus tumors and a left glomus jugulare 
tumor. She has had a total of 14 glomus tumors and pheochromo- 
cytomas. The patient was referred to our institution for irradia- 
tion of the glomus jugulare tumor. The other cervical cranial 
glomus tumors had been surgically treated at another institution. 


This patient’s family history indicated that her sister has had 
bilateral carotid body tumors and a glomus jugulare tumor 
removed. The sister has had no evidence of pheochromocytoma. 
Two brothers are reportedly without evidence of glomus tumors 
or hypertension. This patient was presented by Bogdasarian at the 
1978 Annual Meeting of the American Academy of 
Otolaryngology." 


Figure 4 demonstrates the pedigree of patients of cases 1, 2, and 
3. Figure 5 demonstrates the pedigree of patient of case 4. There is 
no additional history of glomus tumors or pheochromocytomas in 
more distant relatives of either familial group. 


DISCUSSION 


It is noteworthy that in the first three presented 
cases, the diagnosis of pheochromocytoma was not 
evident at the time of initial presentation. The 
pheochromocytoma became evident in case 1 only 
after a hypertensive crisis developed with induction 
of general anesthesia. Case 2 was mildly hyperten- 
sive on presentation; however, his urinary cate- 
cholamine studies were normal and his initial ab- 
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Fig. 4 ‘Cases 1-3) Pedigree including case 1 (E), case 2 (C), and case 3(D). Patient A had two carotid body tumors and 
subsequent y died of carcinoma of the lung. Patient B had two large neck tumors in childhood which were irradiated. Exact 


‘diagnosis is nct available. 
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dominal arteriography failed to demonstrate a 
pheochromocytoma. It was demonstrated on repeat 
arteriography six months later. Case 3 also had nor- 
mal urinary catecholamine values and an asymp- 
tomatic pheochromocytoma was discovered during 
arteriography because of the family history. 


Pheochromocytomas have been described in asso- 
ciation with many different tumors.'! Some of these 
associations have occurred in a hereditary pattern. 
Pheochromocytoma has previously been described 
in association with glomus tumors of the head and 
neck.'''? A hereditary relationship has nct been 
previously described. The patients presented in this 
paper strongly indicate a hereditary factor in the 
association of multiple cervical cranial glomus 
tumors and pheochromocytomas. 


It is suggested that in evaluation of patients with 
multiple cervical cranial chemodectomas, abdomi- 
nal arteriography should be accomplished at the 
time of cervical arteriography to evaluate for the 
possibility of occult pheochromocytomas. This 
should be accomplished with little additional risk to 
the patient. Ruijs et al recently described the use of 
radionuclide scintiangiography for the screening of 
asymptomatic family members. They screened 59 
relatives of patients with familial chemodectomas. 
Three new chemodectomas were discovered and 
confirmed with standard angiography. Four false 
positives were not confirmed with angiography. 
Technetium-99 was utilized as the radionuclide.'4 
This technique may be useful in the evaluation of 
asymptomatic family members. 
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PAROTOLYMPHATIC BACKFLOW: A NEW SIGN OF MALIGNANCY 
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The embryology and anatomy of the parotid lymphatics are reviewed. Instances where intraparotid adenopathy can be confused with 
a parotid tumor are cited. Added to the roentgen signs of parotid malignancy, a new finding, parotolymphatic backflow, is described for 


what we believe is the first time. Its pathogenesis is discussed. 


In the elinical setting of a noninflammatory le- 
sion, sialography is an aid to the clinician in eval- 
uating the benign or malignant nature of a 
tumor.’ The sialographic criteria for malignancy 
are abrupt ductal cutoff, lack of parenchymal fill- 
ing and irregular pooling of the contrast material. 
We present a case in which a sialogram demonstrat- 
ed parotolymphatic backflow. To our knowledge 
this is the first such case presented. We feel that this 
is an additional criterion of malignancy and pro- 
bably correlates with a highly destructive tumor. 
The probable pathogenesis is discussed. 


CASE REPORT 


This 64-year-old male presented with a one year history of a 
right parotid mass and a progressive right seventh nerve paralysis. 
Physical examination revealed a 2.5 cm rock-hard nontender mass 
in the right parotid gland. In addition, there was a right ninth 
and tenth nerve paralvsis. 


A sialogram revealed a round mass in the superficial lobe which 
was characterized by the absence of ductal architecture and the 
lack of parenchymal filling. Areas of irregular pooling of contrast 
material were also seen within the mass. Posteriorly, there was 
some ductal displacement around the contours of the tumor. Thin 
duct-like structures were seen extending from the mass into the 
soft tissues of the neck. They did not appear as extravasation into 
the muscle planes øf the neck, nor was subcapsular contrast seen 
in the parotid gland (Fig. 1A, B). 


At surgery, a tumor of the superficial lobe was found without 
extension into the deep lobe or to the base of the skull. Histology 
revealed a highly anaplastic tumor. No explanation for the right 
ninth and tenth paralysis was found, however, metastases were 
suspected. 


DISCUSSION 


The parotid g.and is unique among the salivary 
glands in its embryonic development.*5 Although 
the parotid anlage is the first to form, it is the sub- 
maxillary and sublingual glands that first become 
arranged into encapsulated organ structures. The 
parotid gland develops in a loose cellular arrange- 
ment which contains aggregates of lymphoid tissue. 
Since the capsule of the gland forms late in on- 
togeny, these developing lymph nodes become en- 
trapped both within the substance of the gland as 


well as on the surface of the gland under the cap- 
sule. 


In the adult, there are two separate layers of 
lymph nodes that lie in relationships to the parotid 
gland: a superficial group which is under the outer 
parotid fascia, and a deep group both in the sub- 
stance of the gland as well as on its undersurface.°’”’ 
In all, there are approximately 20 nodes in the 
system.* The afferent vessels drain the root of the 
nose, cheeks, eyelids, frontotemporal scalp, exter- 
nal auditory canal and pinna as well as the posterior 
palate and nasal cavity. The efferent vessels drain 
into the superior deep cervical nodes. 


Of particular interest in this report are the in- 
traparotid lymph nodes. These nodes, imbedded 
within the substance of the gland can be rarely vis- 
ualized on a sialogram. The adjacent parotid ducts 
are smoothly displaced around the node and the ap- 
pearance is similar to that of a benign mixed tumor 
or a parotid cyst. 


Conditions which cause lymph node enlargement 
will increase the chances of confusing an intrapar- 
otid node with a parotid tumor. This is particularly 
true in children where the high incidence of infec- 
tions in the ear and nasal cavity frequently can 
cause intraparotid lymphadenopathy. Acute in- 
fections cause enlarged nodes which are tender to 
palpation, whereas chronic infectious and reactive 
hyperplasias cause nontender adenopathy. Rarely 
an acute suppurative nodal necrosis will occur 
which may result in draining sinuses to the adjacent 
skin.’ Alternately, a parotid gland abscess may sec- 
ondarily necrose into an intraparotid node. This 
may be the only inflammatory condition in which 
the lymph node capsule is broken and there is free 
communication with the adjacent parotid tissues. 
The chronic granulomatous diseases evoke a periph- 
eral fibrotic reaction which continuously acts as a 
barrier to the surrounding tissues. In these instances 
the clinical settings are characteristic and a sialo- 
gram in the presence of infection is contraindicated. 


During sialography the contrast material is in- 
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Fig. 1. A) Lateral sialogram reveals a circular parotid mass characterized by loss of ductal architecture and irregular 
pooling of the contrast material. Some ductal disp acement is present at the margins of the lesion. Thin duct-like structures 
are seen extending from the mass into the soft tissues of the neck (arrows). B) AP sialogram reveals the lymphatic ducts 
leading from the parotid mass into the deep cervical lymph chains. 


jected under hand pressure. This pressure is re- 
flected back into the gland and the patient will 
complain of discomfort in the parotid region. This 
sensation is more intense the narrower the ductal 
caliber being filled. This reflects the increased 
pressure necessary to overcome the ducta! resis- 
tance. When the injection pressure is held constant 
or released completely, the parotid gland adapts 
and usually within a few minutes the discomfort 
abates. If extravasation occurs, there is uswally a 
sudden sharp pain experienced at the moment of ex- 
travasation followed by a rapid decrease in parotid 
discomfort as the pressure within the system vents 
via the extravasation. Radiographically, this is seen 
as irregular extraductal collections of contrast in the 
cheek, layering under the parotid capsule, or glob- 
ular collections usually following tissue plenes in 
the neck. 


However, in the case of malignancy, the neo- 
plasm may destroy sufficient tissue to allow a poten- 
tial parotolymphatic communication to occur. This 
is possible with either an aggressive parotid 
malignancy which engulfs and destroys the lymph 
node or a nodal metastasis which breaks out to in- 


vade the parotid gland. In both cases, clinically 
there is a nontender hard mass and indications for a 
sialogram can be justified. 


If an open pathway exists between the ductal 
system and the lymphatics, then the low resistance 
lymphatic ducts could fill via the parotid ducts. The 
roentgen appearance in our case not only is unlike 
reported instances of extravasation, but is the same 
as seen in examples of cervical lymphangiographic 
early filling films.'° This belief is further attested to 
by the visualization of cervical lymph nodes with 
the sialographic contrast material (Ethiodol® ) 
three weeks postoperatively. The initial scout films 
for the sialogram showed no abnormal nodal calci- 
fications and these follow-up films (Fig. 2A, B) are 
essentially delayed lymphangiographic pictures. 


Cervical lymphangiography has been of limited clin- 
ical usefulness.'® It is not only technically difficult 
to perform, but more importantly it has proven un- 
reliable in detecting malignant disease.'°'! This 
probably reflects the extensive lymph node changes 
resulting from the numerous infections that drain to 
these nodes. 
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ig. 2. A) Lateral soft tissue film taken three weeks postoperatively visualizes the cervical lymph nodes by the Ethiodol 
used in the ia ogram. B) AP soft tissue film confirms that the lymph nodes visualized by means of the sialogram are in the 


deep cervie_! chain. 


As further evidence of the integrity of the normal 
parotolymphatic barrier, even in cases where acin- 
arization has occurred on a sialogram, delayed film- 
ing does not show cervical lymph node visuali- 
zation. This parotolymphatic pathway can be 
created adparently only if the local tumor process is 


highly destructive. Most of the parotid neoplasms 
pathologically displace or encase but do not break 
into an intraparotid node. Thus the visualization of 
lymphatic channels on a parotid sialogram implies a 
highly aggressive neoplasm which has created the 
situation for parotolymphatic backflow. 
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ABERRANT INTERNAL CAROTID ARTERY IN THE MIDDLE EAR 
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Aberrant internal carotid artery in the middle ear is a rare anomaly. Myringotomy in a patient with this anomaly caused violent 
hemorrhage, requiring immediate packing and eventual ligation of the artery. The anomaly may represent the artery bulging through a 
dehiscent bony canal, or it may be due to traction on the developing carotid by a persistent stapedial artery. Various middle ear symptoms 
have been reported in earlier cases. Diagnosis is by angiography, and therapy is surgical. 


The course of the internal carotid artery normal- 
ly passes close to the mesotympanum, and on rare 
occasions the artery may present in the middle ear 
as a normal vessel of aberrant course or as an 
aneurysm. The first of these anomalies was de- 
scribed in the German literature in 1899’ and in 
1903,’ but then none were reported again until the 
1960s. 


CASE HISTORY 


Seven weeks prior to admission, a 24-year-old fe- 
male developed acute tonsillitis with pain, dyspha- 
gia, and painful cervical adenopathy. At that time 
she also complained of fullness in her right ear. She 
was seen by a local otolaryngologist who treated her 
with Keflex® . Four weeks later she again developed 
tonsillitis, again with fullness in the right ear and 
this time with a vague feeling of dysequilibrium but 
not vertigo, tinnitus, or hearing loss. The otolaryn- 
gologist noted what appeared to be a blood clot be- 
hind the right eardrum and treated her with decon- 
gestants, an antibiotic, and self-insufflation. Her 
past medical history was otherwise unremarkable. 


The dysequilibrium and the apparent blood clot 
persisted, and on the evening of admission a myr- 
ingotomy was performed in the doctor's office 





Fig. 1. Tomogram of left (normal) ear. Insert) Anterior 
location of carotid canal (CC) is evident from relation to 
cochlea (coch). Bony partition between carotid camal and 
middle ear (ME) is clearly visible (asterisk). EAC - Exter- 
nal auditory canal. 


From the New York University Medical Center, New Yerk. 


under local anesthesia. There was an immediate 
gush of bright red blood, and bleeding could be 
controlled only by packing the ear very firmly and 
applying a tight mastoid dressing. 


On arrival at University Hospital, physical exam- 
ination was normal except for the presence of the 
mastoid dressing and Weber test lateralizing to the 
right. There was no bleeding, no nystagmus, no fa- 
cial nerve weakness, and no other neurologic defi- 
cits; hematocrit was 34.5. 


Due to a failure of communications, the dressing 
was inadvertently removed the next day with im- 
mediate rapid bleeding. This was controlled by 
repacking the ear and reapplying the dressing, and 
the work-up proceeded. 


Tomograms of the temporal bone showed the ca- 
rotid canal to be posterior to its normal location, 
with dehiscence into the middle ear space (Figs. 1 
and 2). Carotid angiography demonstrated the 
right internal carotid artery in the middle ear; there 


was a small pseudoaneurysm of the artery (Fig. 3 A, 
B). 


The dressing was left in place for one week. Then 
the mastoid dressing was removed but the packing 
left undisturbed. After several hours blood began to 





Fig. 2. Tomogram of right ear. Insert) Carotid canal 
(CC) is posterior to normal location as shown by relation to 
vestibule (V). There is no bony partition between carotid 
canal and middle ear (ME). IAC - Internal auditory canal. 
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Fig. 3. A’ Base view of angogren: Lateral course of internal carotid artery is visible. pu ona of most lateral portion 


of the artery presents a pseu 
course lateral to the lateral aspect of the vestibule. 


well up from the ear; this could be controlled only 
by packing more tightly and applying a tight mas- 
toid dressing. 


Repeat angiography was performed and the left 
carotid system Sudied while the right was com- 
pressed. This demonstrated excellent cerebral cross- 
circulation. The following day the patient was 
taken to the operating room. Under cervical plexus 
block, the internal carotid artery was isolated in the 
neck and secured with vessel loops. It was tem- 
porarily occluded with a bulldog clamp, and there 
were no ill effeccs. The ear packing was removed, 
and under loca anesthesia the middle ear was 
entered through a postauricular incision, the plan 
being to patch o- pack the vessel in the middle ear. 
The skin of the canal was found to be lacerated in 
places. No normal structures could be identified in 
the middle ear which was filled with vessel, 
aneurysm, and :lot. Muscle grafts from the ster- 
nocleidomastoid were packed firmly between the 
artery and the pesterior wall of the middle ear, but 
this did not cont-o. bleeding; therefore the internal 
carotid artery was ligated in the neck with im- 
mediate control of bleeding. The ear canal was 
packed, all inciicns closed, and a tight mastoid 
dressing applied There was no further bleeding. 


The packing was removed on the 11th postopera- 
tive day, and ro bleeding ensued. The external 
canal and tympanic membrane were swollen, but 
this gradually resolved. When last seen, the 
patient’s tympanic membrane was intact, with 
some opacification but no discoloration. There was 
faint pulsation noted in the middle ear and no tin- 
nitus; hearing had returned to normal (Fig. 4).. 


DISCUSSION 


It is rare for the internal carotid artery to appear 


oaneurysm. B) Anterior-posterior view of angiogram. Intern 


carotid artery can be seen to 


in the middle ear as either an aneurysm or as a nor- 
mal artery of aberrant course. A list of malforma- 
tions and anatomical variants does not include 
these, in a series of 500 stapes operations or in a 
review of 169 articles.* Two articles on the com- 
plications of myringotomy, one of which reviews 
838 cases, do not mention the possibility that the in- 
ternal carotid artery might be lurking behind the 
eardrum.*° 


The causes of these anomalies are unknown. The 
internal carotid artery is separated from the middle 
ear by a plate of bone often less than 0.5 mm in 
thickness,° so that occasional dehiscences could well 
be expected; in fact one source gives the rate of 
dehiscence as one percent.” An aneurysm could 
bulge through such a dehiscence, or a normal artery 
could do so as it elongates with aging.* Conley and 
Hildyard’ argue against these theories by pointing 
out the lack of published cases in which carotid 
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Fig. 4. Postoperative audiogram. Hearing is normal. 
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aneurysm or aberrant artery in the middle ear has 
resulted from skull fracture or chronic infection, 
but in fact there is one reported case in which an 
aneurysm apparently resulted from surgical trau- 
ma,‘'° and two unpublished cases of aneurysm fol- 
lowing skull fracture.* Steffen,'' in a major review 
of vascular anomalies, suggests several possibilities 
involving the embryonic stapedial artery. This tran- 
sitory artery could leave a permanent pataway in 
the bony wall of the carotid canal, or it may persist 
long enough to tether the developing carotid in an 
abnormal position. Persistence of a short segment of 
the stapedial artery might contribute to the forma- 
tion of an aneurysm, since these most commonly 
arise at arterial bifurcations. 


Nearly all reported cases have presented with 
middle ear symptoms. Most had hearing |oss,’*:! 
many had pain,'? and other cases were noted to 
have tympanic membrane retraction with granula- 
tion tissue and cholesteatoma® and a bluish mass 
resembling middle ear fluid. Though the normal 
carotid artery is white, the aberrant arteries were 
said to look blue or red.*’ In some but by no means 
all cases the mass appeared pulsatile. 


As might be expected, myringotomy in a patient 
with an aberrant internal carotid artery may lead to 
immediate profuse bleeding. Only two such cases 
have been reported previously; myrimgotomy 
had been planned in a third patient, but his physi- 
cians had just returned from a conference where the 
anomaly was reported!‘ Fortunately, packing with 
firm pressure controls the bleeding and is the ap- 
propriate emergency treatment. 


Differential diagnosis in these cases includes 


*Ruben R. Personal communication. 


aberrant jugular bulb and glomus tumor. Usually 
the jugular bulb lies posteriorly and the carotid 
anteriorly,'* but when a major vascular structure is 
violated and the ear packed, diagnosis depends on 
special radiographic studies. The jugular bulb or 
glomus tumor can be seen on jugular venograms; 
carotid angiography will demonatrate these in the 
venous phase and show the blood supply of a 
glomus tumor (usually the ascending pharyngeal 
artery). Angiography displays the aberrant internal 
carotid artery to advantage. Lapayowker et al’ 
describe the vestibular line, a vertical drawn 
through the lateral aspect of the vestibule on 
anterior-posterior views (Fig. 3 B). This approx- 
imates the medial limit of the middle ear, and the 
internal carotid artery normally courses medial to 
it. In the present case, tomography showed the ca- 
rotid-canal to be displaced laterally and posteriorly. 


Treatment is not well established. In this case it 
was hoped that the pseudoaneurysm, most likely 
caused by injury at myringotomy, would be filled 
and sealed by thrombus. When this did not occur, 
surgery was performed with the precautionary step 
of gaining control of the internal carotid artery in 
the neck before removing the packing in the ear. 
Ligation was found to be necessary. The damaged 
artery was heavily packed with muscle to close the 
leak, as bleeding from retrograde blood flow might 
have been a threat without this step. Ruggles and 
Reed’? were able to reposition an aberrant artery, 
and Ruben* repaired an aneurysm while leaving 
the artery intact. (Access for this was at the expense 
of surrounding normal structures.) In this case such 
procedures were unnecessary due to excellent col- 
lateral circulation. 


*Ruben R. Personal communication. 
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There are conflicting reports of the effect on the inner ear of the use of a carbon dioxide (CO,) laser. In four cats, we made middle ear 
lesions with a CO, lasez. Subsequent evaluation by inverted-phase and scanning electron microscopy revealed no inner ear pathology at- 
tributable to the CO, laser. Apparently, appropriate use of the CO, laser does not harm the inner ear. 


The CO, laser produces an intense, focused, 
coherent, highly collimated, highly monochromatic 
beam of infrared -adiation which can destroy bio- 
logical tissue. The infra-red waves heat materials 
which absorb it but do not ionize the molecules of 
these substances. The radiation (10.6 » wavelength) 
' is absorbed within 30 » by water. However, bone 
has a high level of thermal conductivity; thus there 
is serious risk of vitrification and devascularization 
of regions adjacent to the target site. 


The CO, laser has an important role in surgery of 
the aerodigestive tract, but is still experimental in 
otologic surgery. In early experiments the laser was 
able to destroy vascular stria or sensory epithelium 
of the cochlea by transmitting energy through the 
otic capsule without perforating it.' More recent 
studies give conflicting results.7*> Therefore, we 
deliberately produced laser lesions in the middle ear 
of cats and determined the degree of middle and in- 
ner ear damage by evaluation with light and scan- 
ning electron microscopy. 


METHODS 


From four adult cats we removed the pinna and the tortuous 
portion of the external canal, permitting an unobstructed view of 
the middle ear througa the tympanic membrane. Each cat was 
anesthetized with ketamine (Ketalar® ) and if necessary, the cat’s 
tympanic membrane was reflected to gain access to the middle 
ear. In each cat one middle ear was irradiated with a CO, laser 
system for microsumge-y (Cavitron model A0300) with a stereo- 
scope microscope and micromanipulator (Zeiss OPMI 1). The ex- 
posure was at 8 W for 50 msec. The cat’s other ear acted as a con- 
trol. The surgical prccedures were posterior myringotomy (re- 
quired two applications in cat 1), and posterior myringotomy 
after instillation of 1.5 ml saline into the middle ear (two applica- 
tions in cat 2). In cat 3, the subiculum near the round window 
was irradiated twice and in cat 4 the promontory five times. 


Postoperatively, the cats were maintained for two to three 
months and middle eers were inspected routinely. Then the cats 
were sacrificed and both cochleas removed and processed for 
evaluation by inverted-phase and scanning electron microscopy 
(SEM).°” The evaluat:ons were made by one author (I. H-D) who 
had no knowledge of the experimental treatment. 


FINDINGS 


Gross examination revealed visible burns of the 
medial wall and promontory of the middle ear im- 
mediately after the procedures in cats 1, 3 and 4. 
Fluid in the middle ear cavity apparently prevented 


any microscopically visible promontory burn in cat 
2. 


There were no lesions in the control ears. In the 
“treated” ears all tympanic membrane lesions were 
healed within three weeks. In cat 1 the crus of the 
stapes was still charred (Fig. 1) but the cochlea was 
normal throughout (Fig. 2). In cat 2 the organ of 
Corti was normal at light microscopy. Some distur- 
bance was noted in the cuticular plates of the pillar 





ey bad 
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ig. 1. (Cat 1) Charred anterior crus of the stapes. OW - 
Oval window with posterior crus of stapes and charred an- 
terior half of stapes footplate (arrow). RW - Round win- 


dow; P - Promontory. 
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Fig. 2. (Cat 1) Scanning electron micrograph of the sen- 
sory cells of the basal turn beneath the promontory. There 
is no abnormality and this is typical of the hair cel condi- 
tion in all irradiated ears. The bubbles are fixation ar- 
tifacts. 


cells in the basal areas, a shrinkage artifact resulting 
from the secondary osseous spiral lamina in this 
area. In cat 3 all turns were inspected with the light 
microscope and were judged normal. In cat 4 the 


stapes was fixed, the cochlea had a full population 
of inner and outer hair cells and there was a large 
number of giant cilia on the outer hair cells of the 
upper apical turn. 


DISCUSSION 


In experimental middle ear surgery on squirrel 
monkeys which involved myringotomy and ossicu- 
lar surgery as well as deliberate attempts to damage 
the cochlea, Wilpizeski noted no loss of sensorineu- 
ral function at any postoperative interval as mea- 
sured by bone conduction.? More recently, Lima 
and Wilpizeski? obtained a similar result in ex- 
perimental laser tympanic neurectomy. Goode’ 
recently reported a series of laser myringotomies, 
including data on human subjects who apparently 
suffered no postoperative loss in bone conduction 


thresholds. 


In contrast, Lyons et al reported that even the 
lowest available intensities and duration (0.4 W, 50 
msec) resulted in damage to the inner ear of guinea 
pigs. Stahle et al,’ using an argon laser, found that 
lack of a visible lesion of the optic capsule at the 
time of irradiation did not preclude a lesion of the 
organ of Corti. 


We attempted no specific surgical procedures, 
but deliberately exposed the cochlea to varying 
doses of irradiation at higher output than the 5 W 
Wilpizeski? suggested for crurotomy. We produced 
obvious immediate surface lesions in three of the 
four animals; the fourth (cat 2) was apparently pro- 
tected by the presence of middle ear fluids. One 
stapes was charred in one procedure but there was 
no evidence of cochlear damage. These results are 
totally contradictory to those of Lyons et al.° 


The CO, laser appears to be safe to the inner ear 
during middle ear surgery; however, further in- 
vestigation and experimentation are necessary to 
determine its role in clinical otology. 
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Temporal bone histology has been studied in chinchillas following middle ear deflation in the presence of nasopharyngeal colonization 
with S pneumoniae. All animals sacrificed within one hour following deflation had similar middle ear hsitology regardless of whether or 
not the animals had been colonized with S pneumoniae. All animals with negative nasopharyngeal culture for S pneumoniae sacrificed 
from 3-24 daysfollowing — 30 mm Hg negative middle ear pressure had negative middle ear cultures and normal morphology. During the 
same time period, however, nearly 60% of animals colonized with S pneumoniae developed acute otitis media with positive middle ear 
cultures for S pneumoniae. Histologic changes in the middle ear included the presence of effusion, leukocytes, granulation tissue, osteoneo- 
genesis, mucosal metaplasia, and hemorrhage. Changes in the inner ear were much less frequent and included some leukocyte infiltration 


with hyperemia in the scala tympani and endolymphatic hydrops. 


INTRODUCTION 


Sudden changes in the relationship between mid- 
dle ear pressure and atmospheric pressure may re- 
sult in morphologic alterations of the middle ear 
mucosa, micdle ear space, or inner ear with an as- 
sociated decrease in hearing.' The hearing loss may 
be conductive or sensorineural depending on the 
site of the lesion. Generally, the middle ear 
equilibrates positive pressure better than negative 
pressure with fewer sequelae since positive middle 
ear pressure is equalized passively while equaliza- 
tion of negative middle ear pressure requires active 
eustachian tube opening.’ 


Clinically, negative middle ear pressure can be 
seen with eustachian tube dysfunction or with des- 
cent in air or water. During descent in air and 
water, the middle ear pressure is negative relative 
to the atmospheric pressure and the eustachian tube 
may fail to open in spite of contraction of the tensor 
veli palatini muscle. The eustachian tube is 
especially prone to failure if descent is rapid or if 
eustachian tube physiology is impaired. Resulting 
otologic injuries include middle ear effusion, tym- 
panic membrane rupture, or perilymph fistula.’ 


Animal studies have been performed to help un- 
derstand eustachian tube physiology as well as the 
pathophysie.ogical processes associated with sud- 
den changes in middle ear pressure.*’ The effect of 
nasopharyngeal bacterial or viral pathogens on 
these events. however, is not known. This relation- 
ship is quite important since the frequency of 
nasopharyngeal carriage of Streptococcus pneu- 
moniae in children is 20-50% and since children are 
susceptible to negative middle pressure.*? A study 
of the effeets of negative middle ear pressure in 


animals with pneumococcal colonization of the 
nasopharynx was undertaken. 


METHODS 


Twenty-two healthy chinchillas, each weighing approximately 
500 gm, were used for study. Encapsulated, recently mouse- 
passed type 7F S pneumoniae (type 51 by American nomencla- 
ture) were grown to early stationary-phase and were frozen in ali- 
quots in a glycerol-buffered albumin suspension at -70 C. An ali- 
quot of the frozen pneumococcal suspension was thawed and di- 
luted in sterile saline to contain 2 x 10° pneumococci/ml imme- 
diately prior to each experiment. The chinchillas were anes- 
thetized using 15 mg ketamine HC] administered intramuscularly 
and 0.5 ml of the diluted pneumococcal suspension was gently in- 
oculated intranasally by passive inhalation. 


Three days postinoculation, under ketamine anesthesia, gentle 
deflation of the chinchilla middle ear cavity was undertaken. Im- 
mediately prior to the application of negative pressure, 0.5 ml of 
sterile saline was gently introduced into the nares of the chinchilla 
for culture. The saline wash was collected for culture directly on 
5% sheep blood agar containing 3 ng gentamicin/ml. The skin 
overlying the middle ear bulla was aseptically prepared with 
Betadine®. A 23 gauge needle, attached to a mercury manometer 
via firm plastic tubing, was inserted into the bulla, and negative 
pressure was applied to the middle ear at a rate of — 15 mm Hg/3 
sec while visualizing the tympanic membrane with an otoscope. 
Continuous recordings of middle ear pressure revealed that tran- 


TABLE 1. ANIMAL SUBGROUPS 


Applied 
Group Pressure Interval Ears 
No. No. Ears (mm Hg) _ to Sacrifice Cult. Pos. 

l 3 0 l hr 0 
2 3 -15 l hr 0 
3 3 -30 l hr 0 
4 3 -50 l hr 0 
5 7 -30 3 days 4/7 
6 6 -30 7 days 3/6 
7 9 -30 14 days 4/9 
8 10 -30 28 days 2/10 


Cult. Pos. - Culture positive. 
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TABLE 2. MIDDLE EAR SPACE PATHOLOGY 
Middle Ear Space 


Ears with Ears with Ears with 
Ears with Leukocytes Granulation Osteoneo- Ears with 
Group No. Effusion PMN Mono Tissue enesis Hemorrhage 
l 0 0 0 0 0 
2 0 0 0 0 1/3 
3 0 0 0 0 0 
4 0 0 0 0 3/3 
5 4/7 0 4/7 0 0 3/7 
6 3/6 0 3/6 1/16 0 0 
7 6/9 2/9 5/9 4/9 3/9 5/9 
8 2/0 2/10 4/10 4/10 4/10 0 


PMN - Polymorphonuclear. 
Mono - Mononuclear. 


sient failure of eustachian tube opening persisted for at least 15 
minutes following the nasal rinse. Moderate retraction of the 
membrane confirmed application of negative pressure. Pressure 
was maintained for five minutes with continuous manometric 
recording before removing the needle. 


The tympanic membranes of anesthetized animats were ex- 
amined at regular intervals following middle ear deflation. 
Evidence of otitis media defined as visualization of middle ear ef- 
fusion was sought. Samples of middle ear effusion were obtained 
by perforating the tympanic membrane with a sterile capillary 
glass tube (0.7 mm diameter) on days 2, 3, 7, 14 and 28. After the 
effusion rose within the tubing by capillary action, it was in- 
oculated on sheep blood agar for culture. Tympanic membrane 
perforations healed within 48 hours. 


Animals were randomized for sacrifice at one hour and on days 
3, 7, 14 and 28 after middle ear deflation. The temporal bones 
were harvested, fixed in 10% formalin, followed by 5% 
trichloracetic acid and dehydrated in a graded series of alcohol. 
Specimens were embedded in celloidin and sectioned at a 
thickness of 20 p; every tenth section was stained with hematox- 
ylin and eosin for histologic study. The ears from 11 control 
animals not inoculated with S pneumoniae were subjected to the 
same manipulation, pressure changes, and method of study. 


RESULTS 


From the total of 22 animals with positive naso- 
pharyngeal cultures for S pneumoniae used in this 
experiment, all 44 ears were available for histologic 
study. The ears were divided into eight groups 
based on the amount of middle ear deflation and 
the interval between the deflation and sacrifice 
(Table 1). One hour following deflation none of the 
ears harvested had effusion or inner ear changes 
and none exhibited middle ear pathological changes 
until —50 mm Hg deflation was reached. With 


—50 mm Hg pressure, middle ear hyperemia, 
edema, and hemorrhage was an almost universal 
finding (Tables 2-4, Figs. 1 and 2). The control 
animals without nasopharyngeal S pneumoniae also 
were free from effusion and inner ear changes and 
demonstrated normal middle ear histology until 
middle ear deflation exceeded — 30 mm Hg. At — 50 
mm Hg pressure control animals, like the animals 
colonized with pneumococci, consistently showed 
hyperemia, hemorrhage, and edema of the middle 
ear mucosa. 


Forty-four percent of the ears from animals with 
positive nasopharyngeal cultures harvested between 
day 3 and day 28 demonstrated purulent middle ear 
effusion which yielded S pneumoniae on culture. 
Middle ear changes of granulation tissue, mucosal 
metaplasia (from flat squamous epithelium to tall 
ciliated pseudocolumnar epithelium with goblet 
cells), and osteoneogenesis were apparent by day 14 
(Tables 2 and 3, Figs. 3 and 4). Labyrinthitis was 
observed in 11% of the 32 ears harvested between 
day 3 and day 28 and endolymphatic hydrops was 
observed in 34% (Table 4, Fig. 5). All ears demon- 
strating labyrinthitis and 64% of those ears with en- 
dolymphatic hydrops showed purulent otitis media. 


Four of the seven ears studied three days follow- 
ing the application of — 30 mm Hg pressure dem- 
onstrated purulent middle ear effusion and all four 
yielded S pneumoniae on culture. These four ears 
also demonstrated edema, hyperemia, and hemor- 
rhage in the middle ear mucosa. All four of the ears 


TABLE 3. MIDDLE EAR MUCOSA PATHOLOGY 
Middle Ear Mucosa 


Ears with 
Ears with Ears with Leukocytes Ears with Ears with 
Group No. Hyperemia Edema PMN Mono Metaplasia Hemorrhage 
l 0 0 0 0 0 0 
2 1/3 0 0 0 0 0 
3 0 0 0 0 0 0 
4 3/3 3/3 0 0 0 3/3 
5 3/7 4/7 3/7 0 0 4/7 
6 1/6 2/6 0 0 2/6 1/6 
7 1/9 6/9 6/9 2/9 6/9 2/9 
8 2/10 2/10 2/10 2/10 2/10 2/10 


PMN - Polymorphonuclear. 
Mono - Mononuclear. 
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TABLE 4. INNER EAR PATHOLOGY 


Inner Ear 
Ears with 
Group Ears with Leukocytes Ears with Ears with 
_ No. Ppt PMN Mono Hyperemia __Hydrops _ 
l 23 0 0 0 0 
2 3.3 0 0 0 0 
3 3.3 0 0 0 0 
4 213 0 0 0 0 
S U7 2/7 0) 4/7 2/7 
6 66 1/6 0 3/6 3/6 
7 99 0 0 0 4/9 
8 le 10 0 0) 0 2/10 


Ppt - Precipitate. 
PMN - Polymogphonuc ear. 
Mono - Monontelear. 


with purulent oti-is media had inner ear findings of 
hyperemia of the lining of the scala tympani while 
two showed purulent labyrinthitis and endolym- 
phatic hydrops. No other middle ear or inner ear 
abnormalities were identified and the three nonin- 


fected ears were rormal from all parameters studied 
(Tables 2-4). 


Three of the sx middle ears studied seven days 
following the application of — 30 mm Hg pressure 
contained purulent effusion and three ears were 
culture positive or S pneumoniae. Two of these 
middle ears showed mucosal edema and one dem- 
onstrated hyperemia and hemorrhage in the middle 
ear mucosa. Two of the three middle ears with pur- 
ulent effusion manifested mucosal metaplasia and 
granulation tissue (Tables 2 and 3). All three of the 
ears with purulent middle ear effusion demon- 
strated hyperemia of the scala tympani lining and 
endolymphatic Fydrops. One of these latter ears 
had purulent labyrinthitis. No additional middle 
ear or inner ear abnormalities were noted and the 
three noninfected ears were normal for all param- 
eters studied (Table 4). 


Six of the nine ears studied 14 days following the 
application of — 30 mm Hg pressure contained pur- 
ulent middle ear effusion, five of which were cul- 
ture positive for S pneumoniae. These six ears also 
demonstrated mı cosal edema and metaplasia of the 
middle ear epithelium. Five of these latter ears 
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Fig. 1. Bulla of a chinchilla with positive naso- 
pharyngeal cultur= for S pneumoniae that was subjected to 
-50 mm Hg midce ear deflation. Fluid can be identified 
in the subepitheLal space (SES). Arrow - Middle ear 
mucosa. (x130) 





Fig. 2. Bulla from a chinchilla with positive naso- 
pharyngeal culture for S pneumoniae that was subjected to 
-50 mm Hg middle ear deflation. Arrows -Hemorrhage in 
the subepithelial space. (x130) 


demonstrated hemorrhage into the middle ear 
space, four had middle ear granulation tissue, three 
had osteoneogenesis, and one contained hyperemic 
mucosa (Tables 2 and 3). Endolymphatic hydrops 
occurred in four of the six ears with purulent middle 
ear effusion and was the only inner ear abnormality 
identified. The three noninfected ears were normal 
from all parameters studied (Table 4). 


Two of the 10 ears studied 28 days following the 
application of — 30 mm Hg had purulent middle ear 
effusion and both were culture positive for S 
pneumoniae. These ears also demonstrated hemor- 
rhage and mucosal edema, hyperemia, and meta- 
plasia. Middle ear granulation tissue and osteoneo- 
genesis were present in both infected ears and in 
two ears that failed to demonstrate active infection 
(Tables 2 and 3). Endolymphatic hydrops was the 
only inner ear abnormality and was present in two 
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Fig. 3. Middle ear at the level of the cochlear apex in a 
chinchilla with positive nasopharyngeal culture for S 
pneumoniae that was subjected to -30 mm Hg middle ear 
deflation and allowed to survive for 14 days. Purulent ex- 
udate (POM) can be identified in the middle ear space as 
can osteoneogenesis (O). Arrows - Metaplasia of the middle 
ear mucosa. (x50) 
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Fig. 4. Round window membrane (RWM) of the same 
animal in Figure 3. The stapes (S), incus (I), and facial 
nerve (FN) can be identified. Arrows - Granulation tissue 
in the middle ear cleft. (x35) 


ears both of which were without middle ear 
changes. The remaining four noninfected ears were 
normal for all parameters studied (Table 4). 


DISCUSSION 


Negative middle ear pressure is frequently ob- 
served early in acute otitis media with effusion with 
pressures as low as —60 cm HOH (—5 mm Hg)."° 
Compromised middle ear ventilation and negative 
middle ear pressure may actually precede the onset 
of acute otitis media.'' Accordingly, chinchillas 
were used to study the relationship between nega- 
tive middle ear pressure and otitis media. Since a 
majority of episodes of acute otitis media in humans 
are caused by S pneumoniae and since an apprecia- 
ble number of children harbor S pneumoniae in 
their upper respiratory tract, chinchillas were in- 
oculated intranasally with S pneumoniae prior to 
the application of negative middle ear pressure. 


Nearly 60% of chinchillas colonized with S pneu- 
moniae developed pneumococcal otitis media with- 
in the first week following middle ear deflation 
while otitis media developed in less than 15% of 
colonized chinchillas that were not subjeeted to 
middle ear deflation.'? The present investigation 
was performed to describe the histopathology of 
pneumococcal otitis media following middle ear 
deflation and to compare these results with the 
pathology of pneumococcal otitis media following 
direct inoculation of S pneumoniae into the middle 
ear cavity.’° 
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Fig. 5. Midmodiolar section from a chinchilla with posi- 
tive nasopharyngeal culture for S pneumoniae that was 
subjeeted to -30 mm Hg middle ear deflation and allowed 
to live for seven days. The tympanic membrane (TM), en- 
dolymphatic hydrops (H), and labyrinthitis (L) can be 
identified. Arrows - Granulation tissue within the middle 
ear cleft. (x15) 


In this investigation the negative middle ear pres- 
sure was applied slowly (—15 mm Hg/3 sec) in a 
uniform manner. Otherwise unmolested, the chin- 
chilla demonstrated excellent ability to equalize this 
pressure by active eustachian tube opening. This 
problem was fortuitously overcome by instilling 0.5 
ml sterile saline into the chinchilla nares as a means 
for obtaining nasopharyngeal culture prior to the 
application of negative middle ear pressure as it 
rendered the chinchilla incapable of equalizing 
middle ear pressure for at least 15 minutes. The ex- 
planation for this alteration in eustachian tube 
physiology is currently under investigation. 


During the acute phase of this experiment, the 
presence of nasopharyngeal S pneumoniae made lit- 
tle recognizable difference in the histologic effects 
of negative middle ear pressure. It was only in those 
animals allowed to survive for three days and be- 
yond that the effect of colonizing the nasopharynx 
with S pneumoniae was observed. The histologic 
changes appeared, therefore, not to be an effect of 
the pressure change itself but rather the effect of in- 
fection made possible by the milieu created by the 
pressure change. By day three, 57% of the ears 
from animals with positive nasopharyngeal cultures 
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demonstrated parulent otitis media with positive 
middle ear cultures for S pneumoniae. This finding 
persisted througa day 14 and did not occur in ani- 
mals not colonized with S pneumoniae. By day 28, 
20% of the animals had persistent purulent otitis 
media. The histclogic findings in animals sacrificed 
on days 3, 7, 14, and 28 were similar but less severe 
than following cirect inoculation of S pneumoniae 
into the middle ear. With direct inoculation, all 
animals developed severe otitis media, and the ma- 
jority demonstreted middle ear exudate, mucosal 
edema, submuc)sal hemorrhage, osteoneogenesis, 
mucosal metaplasia, and granulation tissue. Sup- 
purative labyrirthitis, which occurred in 44% of 
animals in that study with associated endolym- 
phatic hydrops, and inner ear osteoneogenesis and 
granulation tissue were less frequent findings in this 
study. 


Others heve s udied the effect of negative middle 
ear pressure on middle ear morphology.®’ In guinea 
pigs, the application of only —5 mm Hg for five 
minutes following the intravenous injection of a col- 
loid suspension of carbon particles led to serous 
otitis media and leakage of the carbon particles 
through the mueosal capillaries, venules, and small 
veins. Slight edema of the middle ear mucoperios- 
teum was also ioted in those animals. Increasing 
negative pressuze resulted in increased leakage, in- 
creased edema, and hemorrhage similar to the find- 
ings in our investigation.® Greater and more rapid 
alterations in m ddle ear pressure from — 6000 mm 
HO to +6000 nm H,O led to serous otitis media, 
hemorrhage, amd tympanic membrane perforation 
with distortion of the round window membrane 
and air in the scala tympani. In general the severity 
of the changes was related to the magnitude of the 
pressure applied.’ 


Mechanical obstruction of the eustachian tube in 
guinea pigs, squirrel monkeys, cats, and chinchillas 
also leads to serous otitis media. Morphologic 
changes in the middle ear include widening of the 
subepithelial space and histologic and biochemical 
evidence for the passive transfer of this serous mid- 
dle ear fluid from the subepithelial vessels. Small 
vessel leakage is first identified 12 hours following 
eustachian tube obstruction. By 24 hours, leakage 
increases and an acellular effusion develops. The 
mucoperiosteum in these animals becomes edema- 
tous and small mucosal hemorrhage is developed by 
two days, presumably due to the negative middle 
ear pressure. With prolonged eustachian tube ob- 
struction, metaplasia of the middle ear mucosa oc- 
curs, the effusion becomes more mucoid, and a 
round cell infiltrate appears in the subepithelial 
space.*>:** 


In this current investigation the route of middle 
ear infection with S pneumoniae from the naso- 
pharynx is not known. Gram stains were performed 
on selected temporal bone sections but due to pre- 
vious celloidin embedding it was not possible to 
localize bacteria. The organisms might have reach- 
ed the middle ear by direct ascent up the eustachian 
tube lumen or by infiltration through the subepithe- 
lial lymphatics. Regardless of the route of contami- 
nation, the occurrence of negative middle ear pres- 
sure during nasopharyngeal colonization with S 
pneumoniae resulted in purulent otitis media with 
all of the previously described histologic sequelae. 
Although cross species assumptions must be re- 
garded with care, negative middle ear pressure in 
children whose nasopharynx is colonized with S 
pneumoniae may lead to acute otitis media. 
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IDIOPATHIC ENDOLYMPHATIC HYDROPS AND THE 
VESTIBULAR AQUEDUCT 


SYED S. RIZVI, MD, FRCS LEE ELIOTT SMITH, MD 


BosTON, MASSACHUSETTS 


The vestibular aqueduct (VA) and endolymphatic sac were examined topographically in 29 human ears with idiopathic endolym- 
phatic hydrops. When compared with 34 control ears, there was found to be a slight but statistically significant reduction in the width 
(P<0.005) and length (P<0.05) of the vestibular aqueduct. A small hypoplastic endolymphatic sac was found in three of the ears with 
hydrops but was also present in one control ear. It would appear that a marked reduction in sac size is not a consistent feature in ears with 


endolymphatic hydrops. 


INTRODUCTION 


The endolymphatic duct and/or sac have been in- 
creasingly implicated as the site of alterations 
leading to endolymphatic hydrops (Meniére’s 
disease). The evidence is somewhat conflicting and 
inconclusive. In an attempt to shed further light on 
this possible relationship we have studied the 29 
temporal bones with idiopathic endolymphatic hy- 
drops which are available in this laboratory util- 
izing the method of Egami et al.' This two-dimen- 
sional method of reconstruction provides informa- 
tion on the size and configuration of the vestibular 
aqueduct (VA) and the endolymphatic duct and 
sac. 


METHODS 


Included in this study were 29 ears with idiopathic endolym- 
phatic hydrops and 34 control ears without endolympnatic hy- 
drops. They were deemed idiopathic because except for ‘he signi- 


Se 


ficant endolymphatic hydrops, no other pathology was found that 
could explain the membranous distension. The technique of 
graphic reconstruction of the VA was a modification of the one 
used by Egami et al.' Figure 1A represents the projection of a 
temporal bone slide through a Bausch and Lomb projector. The 
junction of pillars (A) is identified as is the sinus (F). The distance 
of AF is measured and plotted as A’ F in Figure 1B which outlines 
the reconstructed cochlear duct and where A’ corresponds to A. 
This system marks the exact position of the VA in a serial order 
from the sinus to the foveate sulcus until an outline of the 
aqueduct is obtained as in Figure 1B. The length of the VA was 
measured along F'G, a line joining the midpoints of the aqueduc- 
tal lumina. The anterior-posterior (A-P) diameter (HI) was 
measured across the largest lumen of the reconstructed aqueduct 
as was the lateral diameter (width) (JK). 


RESULTS 


The values for the various parameters measured are 
summarized in Table 1. The mean length of the VA in 
cases of endolymphatic hydrops was 5.65 mm with 
a standard deviation of +1.85. This measurement 





Fig. 1. Method of graphic reconstruction of the vestibular aqueduct (VA) and foveate fossa. A) Outline of inner ear from 
rear midmodiolar horizontal section. A - Junctien of pillars; F - Sinus of VA; DE - VA. B) Graphic reconstruction of the 


vestibular aqueduct and foveate fossa after the method of E 
Fig. 1B. The broken line F’G is located in the middle of t 


ami et al.' A,F,D,E in Fig. 1A correspond to A’, F’, D’, E’ in 
e vestibular aqueduct and foveate fossa. 
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TABLE 1. DIMENSIONS OF VESTIBULAR AQUEDUCTS 


Length A-P Diam Lat Diam 

No. mm mm mn 
Hydrops 29 5.554 1.85 3.23 + 2.04 0.42+ 0.19 
S=M 0.35 SEM 0.39 SEM 0.03 
Control 34 6.95+ 1.61 3.88 + 1.82 0.59+ 0.21 
S=M 0.28 SEM 0.28 SEM 0.03 


SEM - Standard err of the mean; A-P - Anterior-posterior; Lat - 
Lateral; Diam - Diameter. 


was less than the mean value for the length in the 
control series which was 6.95+ 1.61 mm. Statisti- 
cally, this difference was considered marginally sig- 
nificant (P< 0.05). The lateral diameter of the VA 
in ears with enddlymphatic hydrops showed a mean 
of 0.42 mm weh a standard deviation of +0.19. 
This was significantly different from the control 
group which indicated a mean of 0.59+0.21 
(P<0.005). The mean A-P diameter of the VA in 
ears with endolymphatic hydrops was 3.23 mm with 
a standard deviation of + 2.04, while in the control 
group it was 3.38 mm with a standard deviation of 
+ 1.82. This di-ference was not statistically signifi- 
cant. The overlapping distribution of the values for 
length and late-al diameter of the VA for ears with 
and without erdolymphatic hydrops are shown in 
Figure 2. In the ears with endolymphatic hydrops 
21 of 29 aqueducts showed a gradual flaring to- 
wards the foveate impression. Twenty-five of 34 
control ears shewed a similar flaring of the aque- 
duct distally. Of the 29 ears with endolymphatic 
hydrops 4 were extensively pneumatized, 6 were scler- 
otic and 19 wer2 minimally pneumatized. Of the 24 
control ears 2 were extensively pneumatized, 3 were 
sclerotic and 26 were minimally pneumatized. 


The anatomoxel characteristics of the endolym- 
phatic sacs are ummarized in Table 2. Three of the 
endolymphatic secs from ears with endolymphatic 
hydrops were markedly reduced in size and were 
tubular rather than racemose in configuration. All 
three had scant rugae. Their aqueducts were cor- 
respondingly reduced in size and were the smallest 
in the series. There was one diminutive sac in the 
control group. All the other sacs demonstrated a 
racemose pattecn of branching with varying degrees 
of rugosity of the epithelium. The epithelial cells 
lining the sacs appeared identical in both groups. 





enath (mm) 
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TABLE 2. ANATOMICAL CHARACTERISTICS OF THE 
ENDOLYMPHATIC SACS 


Simple 


No. Racemose Tubular Diminutive 
Hydrops 29 26 3* 3* 
Control 34 34 0 l 


*Same sacs. 


There was fibrous occlusion of the endolymphatic 
duct and sac in two ears with endolymphatic sac 
nearly filling the lumen which might have caused 
obstruction. The amount of perisaccular fibrous 
tissue appeared identical in the two groups. 


DISCUSSION 


The evidence for a causal relationship between 
the endolymphatic duct and sac on the one hand 
and endolymphatic hydrops on the other derives 
principally from three sources: 


1. Nonvisualization of the vestibular aqueduct 
on radiologic studies of ears exhibiting Menieére’s 
disease.” 


2. Observation of histological alterations in the 
endolymphatic ducts and sacs of ears with Menieére’s 
disease. '° 


3. Creation of endolymphatic hydrops in the ex- 
perimental animals by ablating the endolymphatic 
me? 


Several authors have measured the dimensions of 
the vestibular aqueduct in normal ears and ears 
with endolymphatic hydrops and these are com- 
pared in Table 3. Although the series of Egami et al! 
comprised a very small number of ears with endo- 
lymphatic hydrops, these sacs and aqueducts 
showed a dramatic reduction in size. Plantenga and 
Browning,” on the other hand, found no significant 
difference in the lengths of the VA in normal and 
diseased bones. The lengths of the aqueducts for 
normal bones in their series and ours is the same, 
but we note a slight reduction in their lengths in the 
ears with endolymphatic hydrops. This difference 
could be explained by the fact that Plantenga and 
Browning included cases of secondary hydrops 
whereas we confined our study to those ears show- 


—— =HYDROPS 
--= CONTROL 





Lateral diameter (mm) 


Eig. 2. Dist ibution curves for A) length and B) lateral diameter of the vestibular aqueducts in hydropic and control ears. 
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TABLE 3. DIMENSIONS OF THE VESTIBULAR 


AQUEDUCT 





Normal Hydrops 
Lat Lat 
Length Diam Length Diam 
Anson et al'® (1965) 7.1 0.35 — = 
Ogura & Clemis 
(1976)* 7.3 0.2 — — 
Stahle & Wilbrand 
(1974)* 8.7 — 6.8 — 
Egami et al (1978)' — — 2.3 0.45 
Plantenga & 
Browning (1977)"’ 6.9 — 6.7 — 
Rizvi & Smith 
(1980) 6.95 0.59 5.56 0.42 


ing idiopathic endolymphatic hydrops. Also, they 
did not compare the widths of the aqueducts where 
we note a more significant reduction in size. 
Although these findings may be read as suggesting a 
smaller and therefore inadequate resorptive-surface 
for endolymph, there is no compelling evidence to 


believe that a slightly smaller sac is necessarily in- 
adequate and will inevitably lead to hydrops. It is 
possible that the failure of the  resorptive 
mechanism is one of many causes for hydrops. The 
inability to find a consistent pathological basis for 
its origin lends credence to the concept that this 
disease may be multifactorial. 


CONCLUSION 


There is a wide variation in the individual dimen- 
sions of the VA in normal ears and ears with endo- 
lymphatic hydrops. However, there is a statistically 
significant reduction in the mean lengths and later- 
al diameters of ears showing endolymphatic hy- 
drops. Although this is suggestive of a smaller and 
perhaps “inadequately functioning” sac, the argu- 
ments are not conclusive and lead us to believe that 
endolymphatic hydrops may be produced in more 
ways than a simple reduction in the resorptive sur- 
face of the sac. 
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TEMPORAL BONE FINDINGS IN A PATIENT WITH 
MOBIUS SYNDROME 
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Temporal bcn- findings in a case of Möbius syndrome are presented. The most striking pathological feature of the case is that the 
facial nerves ended n the horizontal segment in the temporal bones on both sides. This finding gives direct evidence that the site of nerve le- 
sion in Mobius syncrome is in the peripheral nerve. Despite the disappearance of the facial nerve in the horizontal segment, a neural ele- 
ment reappeared ithe vertical segment of the fallopian canal, and moreover, the chorda tympani was found to cross the tympanic cavity 
in the norma! positon This finding suggests that fibers of the chorda tympani sometimes take an alternative pathway via Arnold’s nerve. 


The aim of tkis paper is to report some additional 
evidence of the site of neural lesion in Mobius syn- 
drome and on “d:stal excess” of the facial nerve. 


Mobius synd-ome is a nonprogressive congenital 
anomaly comp ex, having as major characteristics 
bilateral facial paralysis and unilateral or bilateral 
loss of the abductors of the eye. The etiology of the 
neurological defect of the syndrome complex still 
remains obscure. Theories suggest central nervous 
system hypopl«sia,'’* primary peripheral muscle 
defect with secondary nerve degeneration,’ or 
lower motor reuron involvement.* None of the 
previous reports studied the facial nerve in its tem- 
poral bone course, except Pitner’and others® and 
only in subseriel sections. 


From the aratomical point of view, the facial 
nerve still has ome obscure points. The number of 
fibers in the fecial nerve distal to the geniculate 
ganglion was r-ported as always greater than that 
in the proxima. part of the nerve.’’ This has been 
called “distal excess.” 


We have stucied the temporal bones from a baby 
with bilateral acial and abducent paralysis. The 
facial nerves im both temporal bones showed iden- 
tical findings mvealing the etiology of the facial 
palsy of Mobius syndrome to be of peripheral nerve 
origin; in addzion nerve components other than 
facial joined tke facial canal in the vertical seg- 
ment. 


CASE REPORT 


An 83-day-old female was the product of a 37-gestational-week 
premature birth fram a 25-year-old mother. The delivery was 
atraumatic, with b-th weight 2,150 gm and height 44.5 cm. The 
mother had a trouHle-free pregnancy. 


At birth, holopmsencephaly, right microphthalmus, hyper- 
telorism, double nese, and bilateral cleft lip and palate were 


noted. She was hospitalized for feeding difficulties. In her 
hospital course, convulsions and episodes of apnea related to con- 
genital hydrocephalus necessitated repeated ventricular taps and 
finally permanent drainage by a silicone tube. Pseudomonas in- 
fection followed after the last procedure and she died of uncon- 
trolled meningitis after 83 days of life. During her 81 days of 
hospitalization, she had no noticeable facial movements except 
around the mouth attributed to movements of the tongue. It was 
noted that she could gaze upwards but her eyes did not move 
laterally. She had lacrimal flow when crying and salivation from 
profuse drooping from the mouth. Her record showed that she 
responded to sound stimuli. 


Due to the presence of such multiple anomalies, a chromosomal 
evaluation was performed which failed to show any pathological 
type. 


The autopsy examination demonstrated the following abnor- 
malities: severe encephalomeningitis, subarachnoidal hemor- 
rhage, severe hydrocephalus, cleft palate, bilateral hare lip, 
absence of the ethmoidal plate, absence of the bulbus olfactorius, 
accessory spleen, interstitial pneumonia and pulmonary atelec- 
tasis. 


HISTOPATHOLOGY OF TEMPORAL BONES 


Both temporal bones were removed eight hours 
after death, fixed in 10% formaldehyde solution, 
decalcified with 5% trichloracetic acid and em- 
bedded in celloidin. Serial 20 » thick sections were 
made and tracer sets of every 10th section were 
stained with hematoxylin and eosin. 


RIGHT EAR 


The middle ear was partially damaged by the 
saw in removal. The internal auditory canal was 
slightly wider than normal, but other structures 
were almost normal in configuration. 


Cochlea. Although there were some postmorten 
changes, hair cells were present in the whole length 
of the organ of Corti. The cochlear spiral had nor- 
mal configuration and was fully developed, having 
normal length of the basilar membrane (Fig. 1). 
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Fig. 1. A) The cochlea has normal configuration and is fully developed (x27.5). B) Fine inner ear structure such as hair 
cells is present in the whole length of the organ cf Corti (x75). 


The spiral ganglion population was dightly 
reduced in the basal turn. Although there was 
massive infiltration of the inflammatory cells 
around the cochlear nerve in the internal auditory 
canal, the nerve fibers remained unchanged. 


Vestibule. The sensory epithelia on the saccular 
and utricular maculae and ampullar cristae were 
found to be normal. 
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Facial Nerve. The most dominant pathological 
feature of this specimen was the change in the facial 
nerve. The facial nerve appeared to be normal in 
size and in its course in the internal auditory canal. 
At the geniculate ganglion, it formed an obtuse 
angle. However, the ganglion cells, normal in 
population, were scattered towards the internal 
auditory canal (Fig. 2). At midsection within the 
horizontal segment, the nerve abruptly diminished 
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Fig. 2. A) The genu forms an obtuse angle. The ganglion cells are normal in papoan somewhat scattered towards 


the internal auditory canal (x30). B) Higher magnification of the proximally locate 


ganglion cells (x145). 
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Fig. 3. 4) At midway section within the horizontal segment, the facial nerve abruptly disminishes in size and disappears 
(x25). B) Loose connective tissue and sparse inflammatory cells are left within the epineural sheath (x75). 


in size and di-appeared, leaving loose connective 
tissue and sperse inflammatory cells within the 
epineural shea h (Fig. 3). The posterior half of the 
horizontal segment of the fallopian canal was nor- 
mal in width, but there was a lack of neural ele- 
ments, the camal being filled with loose connective 
tissue and spase inflammatory cell infiltration. At 
the pyramidal segment, a small nerve bundle reap- 
peared within the canal. This nerve bundle con- 
tinuously increased in size within the vertical seg- 
ment of the zacial canal, but was considerably 
smaller than tae normal facial nerve at this level. 





The stapedius muscle, situated in normal anatomi- 
cal position near the facial nerve, appeared normal 
(Fig. 4). In spite of the interruption of the facial 
nerve in the horizontal segment, a chorda tympani 
of normal size was identifiable crossing the tympan- 
ic cavity. The junction between the small vertical 
segment and the chorda tympani could not be traced 
due to the limitation of the specimen (Fig. 5). 


LEFT EAR 


Pathological findings were similar to those in the 
right ear. The identical anomalous findings of the 
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Fic. 4. At the pyramidal segment, a small nerve bundle reappears into the vacant canal. A) x22. B) x75. 
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Fig. 5. In oe of the interruption of the facial nerve at 


the horizontal segment, a normal size chorda tympani is 
identifiable crossing the tympanic cavity. (x22) 


facial nerve should be mentioned on this side as 
well. 


Facial Nerve. An obtuse angle of approximately 
120° was demonstrated at the geniculate ganglion. 
The great petrosal nerve was normal. In the hori- 
zontal segment immediately distal to the cochleari- 
form process, the facial nerve disappeared exactly 
in the same manner as in the opposite side (Fig. 6). 
Still further distally, the facial canal was filled with 
epineural connective tissue and with vascular struc- 
tures. No identifiable nerve bundle was in it. In the 
vertical segment, a small bundle of nerve fibers 
reappeared in the canal (Fig. 7). The chorda tym- 
pani on this side was not included in the specimen 
due to removal artifact. 


DISCUSSION 


The prominent finding of the temporal bones in 
this report was the disappearance of the facial 
nerves in their course in the horizontal segment of 
the fallopian canals. 


Although there have been many reports on Möbi- 
us syndrome, the divergent views as to pathogenesis 
constitute an indirect challenge and therefore have 
led to confusion. Findings on the facial nerve in its 
temporal bone course have been reported on only 
one occasion, by Pitner and others. They reported 
that examination of the subserial sections of the 
petrous portions of the temporal bones revealed no 
significant abnormalities. Autolytic and embalming 
artifacts had prevented a detailed evaluation of the 
fine structure of the facial nerves in the temporal 
bones. 


In our temporal bones, the abnormal findings of 
the facial nerves cannot be attributed to postmor- 
tem and autolytic artifacts. The membranous laby- 
rinth was fairly well preserved and the facial nerve 
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Fig. 6. The identical findings of the facial nerve on the 
opposite side. The facial nerve abruptly disappears at its 
horizontal segment (arrow). (x55) 


is always less affected by this process. There were 
some inflammatory cells in the facial canals, but 
not to the extent to dissolve the nerve fibers. 
Moreover, the nerve fibers were not swollen as in a 
degenerative process. It is very unlikely that the 
facial nerves would end in identical abnormal posi- 
tions on both sides as a result of artifact. Igarashi 
and others’® reported identical findings on the facial 
nerve in a case of conjoined twins, although there 
was no description on facial and eye movements in 
the case history. The facial nerves in their case 
gradually diminished in size within their horizontal 
and vertical segments similar to the present case. 
Thus, it may be postulated that the disappearance 
of the facial nerves in their horizontal segments in 
our report can be attributed to a teratogenic process 
initiated in embryonic life. 


The number of fibers in the facial nerve distal to 
the geniculate ganglion has been reported as always 
greater than that in the proximal part of the nerve. 
Foley and DuBois"! carefully eliminated the motor 
component of the facial nerve, vagal and sympathe- 
tic components, and still found a significant num- 
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NERVE FIBERS. . 


Fig. 7. The identical findings of the horizontal segment 
of the fallopian canal on the opposite side. (x22) 
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ber of axons at the stylomastoid foramen. Bruesch’ 
also showed an excess of fibers between the 
geniculate gang ion and the junction of the auricu- 
lar branch of the vagus. Vidic’? supposed the origin 
of the distal exe2ss to be from the auricular branch 
of the vagus. Saito" described aberrant neurons in 
the pyramidal and vertical segments of the facial 
nerve trunk, anc pointed out that these neurons fur- 
nished additional source of the distal excess. 


In both temporal bones in this report, a consider- 
able number of nerve fibers reappeared in the emp- 
ty facial canals at the level of the lower part of the 
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pyramidal segment. Moreover, despite the inter- 
ruption of the facial nerves in the horizontal seg- 
ment, a normal size chorda tympani was seen cross- 
ing the tympanic cavity in normal position. 


Yntema‘* made an experimental ablation in chick 
embryo and found that in early embryonic life the 
nerve used alternative pathways via other than the 
seventh in cases of destruction of the neuromere. 
The newly joined nerve element was supposed to be 
as Arnold’s nerve from their anatomical position 
and was suspected to give an alternative pathway at 
the chorda tympani. 
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EYE-HEAD COORDINATION DURING OPTOKINETIC STIMULATION 
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Head and eye movements in the yaw plane were recorded during and after optokinetic stimulation in squirrel monkeys. 1) Phasic or 
tonic head deviations to the side of the ocular quick phese occurred in 94% of total recordings (n = 50) during the perstimulus period, and 
in 75% of recordings (n= 49) during the poststimulus period. Magnitude of mean head deviation was significantly different between 
perstimulus and poststimulus periods. 2) Head nystagmus associated with eye nystagmus was consistently observed in seven of nine squirrel 
monkeys during optokinetic stimulation. Squirrel monkeys are thereby less prone to display head nystagmus than either guinea pigs, 
pigeons or chickens. 3) Slow phase speeds of coupled head and eye nystagmus were subjected to statistical analysis. A highly significant 
negative correlation was found between slow phase head and eye speeds. The correlation coefficient was — 0.81 at 60°/sec stimulus 
(n= 119) and —0.72 at 100°/sec stimulus (n = 131). The gaze speed, calculated by summing the head and eye speeds, was 59.1 + 6.8/sec at 
60°/sec and 92.2+ 11.4 at 100°/sec stimulus. There was no significant difference between the gaze speed in a free head condition and the 


eye speed when the head was fixed. 


INTRODUCTION 


Previous experiments dealing with eye-head coor- 
dination in man and rhesus monkeys have demon- 
strated that during saccades and smooth pursuits, 
head movements are generated to position an object 
at a center of visual field condition.'-* Stabdization 
of the retinal image during head movements can be 
accomplished by reflex control of the oculomotor 
system by visual, vestibular and neck propriocep- 
tive inputs in normal subjects. Quantitative studies 
on oculomotor control during active head turning 
have been done only in humans and rhesus monkeys 
at present, since techniques used in these ex- 
periments are not applicable to other vertebrates. 


Dunlop and Mowrer’ and Huizinga and van der 
Meulen‘ reported predominance of head nystagmus 
over ocular nystagmus in pigeons during vestibular 
and optokinetic stimulations. Head nystagmus with 
regular rhythm was also observed in guinea pigs.’ 
In the course of pilot studies in squirrel monkeys, 
we have found that a considerable number of mon- 
keys showed distinctive head nystagmus when the 
speed of optokinetic stimulus (OKS) was fram 40 to 
120°/sec. In this report, the slow phase speeds of 
ocular nystagmus during optokinetically induced 
head nystagmus are subjected to quantitative analy- 
sis in squirrel monkeys. Head deviations occurring 
during and after OKS are also described. 


METHODS 


Experimental animals were squirrel monkeys (Saimiri sciureus) 
randomly assigned from a colony. Amphetamine sulfate (0.5 
mg/kg) was injected intramuscularly 15 minutes prior to record- 
ing to maintain a constant level of alertness. 


Head movements in the yaw plane were measured using a 
lightweight aluminum shaft which extended upward from a 
chronically implanted pedestal of top of the monkey’s skull. This 
shaft was mechanically coupled to a potentiometer that registered 
a voltage dependent on head position. The aluminum shaft was 
constructed such as to minimize head movements in the roll and 
pitch planes. Thus the monkey was allowed to turn the head 
about the vertical axis while its body was restrained. 


A pair of platinum needle electrodes was inserted into the 
lateral canthi in order to record horizontal eye movements. 
Recorded activity was passed through a high-cut filter; thus the 
activities ranging between direct current (DC) to 25 Hz were 
amplified. 


Eye and head movements were recorded by a Beckman dyno- 
graph recorder. Eye speed was calibrated using the slow phase 
speed of ocular nystagmus while the head was stable, which was 
induced by 30°/sec OKS given at the beginning and end of the 
recording. Slow phase speeds of head and eye nystagmus were 
calculated manually from the recordings on an oscillographic 
paper. Gaze speed was calculated by summing the slow phase 
speed of coupled head and eye nystagmus. 


The animal was restrained in a laboratory-built chair that was 
placed on the turntable located within and coaxial to a surround- 
ing vertically striped drum. The drum was a white cylinder 0.6 m 
in diameter with 1.5° wide black stripes that were evenly 
distributed at 22.5° intervals. OKS could be given either by drum 
rotation or by constant velocity table rotation. The inside of the 
drum was illuminated before and during OKS and darkened im- 
mediately at the cessation of the stimulus. 
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60°%sec STIMULUs 





Fig. 1. A, B) Continuous head- and eye-movement re- 
cordings induced by 60°/sec counterclockwise optokinetic 
stimulation. Upward arrow in A indicates the onset of 
stimulus. Downy ard arrows show head nystagmus sub- 
jected to slow phase speed measurement. Upward deflec- 
tion in eye and head movement recordings indicates devia- 
tion to right. Dēhed line in head movement recording 
shows a straight rward head position in this and Fig. 2. 
Note that the head immediately deviates to the side of 
ocular quick phase after stimulus onset. 


RESULTS 


Head Deviat on. A representative recording of 
head and eye movements induced by 60°/sec OKS is 
shown in Figur 1. When the stimulus starts, the 
head immediately deviates to the side opposite to 
the nystagmus quick phase. This head deviation is 
transient and gradually returns to the center taking 
about nine secoads. Head deviation which occurred 
at the beginninz of the stimulus to the side of the 
ocular quiek phase was observed in 47 of 50 record- 
ings, although head deviation was not apparent in 
three other reco-dings. Head deviation to the side of 
the slow phase was never found. Head deviation 
was transient in 55.3% (26/47) of the recordings 
and the time required to return to the straight for- 
ward position was 11.6+4.8 sec (mean + SD). In 
the remaining 44.7% (21/47), head deviation lasted 
for as long as the s:imulus was continued. 


Head deviatbn to the side of the ocular quick 
phase was also ebserved during the poststimulus pe- 
riod. When op*okinetic eye nystagmus (OKN) was 
elicited by drum rotation (Fig. 2A), optokinetic 
after-nystagmu (OKAN) appears immediately aft- 
er the cessatior of the stimulus (indicated by up- 
ward arrow) in the dark. The head again deviates to 
the quick phase side, though at the stimulus offset it 
moves momentarily to the slow phase side. 


On the other Land, when OKN was elicited by 
constant velocity table rotation (Fig. 2B), postrota- 
tional nystagmas (PRN) directed opposite to OKN 
appears after the stimulus in the dark. The direction 
of the head deviation associated with PRN again is 
toward the side of the ocular quick phase. Since 
PRN is directec toward the side opposite to that of 
OKAN, the direction of head deviation is now re- 
versed. Head deviations appearing during the post- 


stimulus perioc were, as expected, always phasic, 
and occurred in 75.5% (37/49) of the trials. The 
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Fig. 2. A, B) Head deviations occur after the end of 
stimulus in association with the ocular nystagmus. Upward 
arrows in A and B indicate the end of optokinetic stimulus. 
Optokinetic stimulus is induced by drum rotation at 
60° sec and optokinetic after-nystagmus follows after the 
end of stimulus in A. In B the optokinetic stimulus is pro- 
duced by a table rotation at 60°/sec and postrotational 
nystagmus follows. Records A and B were obtained from 
the same animal on the same day. Downward arrows in A 
and B show poststimulus head deviation in the dark. Note 
that the direction of head deviation is opposite in A and B. 


head did not necessarily return to the straight for- 
ward position after initial deviation; however, it 
reached final position after an average period of 
11.2+4.5 sec (n = 37). The duration of poststimulus 
head deviation was usually shorter than either 
OKAN or PRN. 


The amplitudes of maximum head deviations are 
summarized in Table 1 as a function of stimulus fac- 
tors. Values show the means and standard devia- 
tions of maximum head deviations which occurred 
during the first five seconds after stimulus onset and 
offset. The overall difference between perstimulus 
and poststimulus groups was significant according 
to the F test (P< 0.05). However, no significant dif- 
ference was found across other stimulus factors, ie, 
60 vs 100°/sec and drum vs table rotation. This 
means that the magnitude of head deviation is not 
linearly related to the frequency or speed of ocular 
nystagmus. 


Head Nystagmus. Head movements consisting of 
slow and quick phases (indicated by downward ar- 
rows in Figure 1) show certain correlations with 
ocular nystagmus: 1) the direction of slow and 
quick head movements are the same as those of 
ocular nystagmus; and 2) the occurrence of the 
quick phase of head nystagmus is almost always 
associated with that of ocular nystagmus. These 
correlations between head and eye movements were 
also confirmed when the animals were exposed to 
impulsive acceleration in the dark (vestibular 
stimulation). As these features of slow and quick 
head movements were similar to the head nystag- 
mus described in birds, this kind of movement in 
the monkey will also be named “head nystagmus.” 
Nine squirrel monkeys were repeatedly tested by 
OKS and seven showed head nystagmus consistent- 
ly. However, only small and intermittent head 
nystagmus was observed in the remaining two 
animals. 
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TABLE 1. HEAD DEVIATIONS AS A FUNCTION OF STIMULUS FACTORS (n2 12) 


60°/sec Stimulus 
Drum Rotation 


Table Rotation 


100°/sec Stimulus 
Drum Rotation Table Rotation 


X + 1SD X + 1SD X + 1SD X+1SD 
Perstimulus 22.1+ 11.6° 15.5+ 12.5° 25.7 + 11.8° 18.8+ 5.8° 
Poststimulus 11.6+ 8.6° 11.34 12.0° 17.0+ 8.8° 10.8+11.7° 


Eye-Head Coordination. If slow phase speeds of 
coordinated head and eye nystagmus are compared 
(Fig. 1), one sees a negative correlation between 
head and eye speeds. That is, when the head speed 
increases, the eye speed decreases and vice versa. 
Representative beats of head and eye nystagmus 
were selected according to the following criteria: 1) 
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Fig. 3. A, B) Slow phase speeds of coupled head and eye 
nystagmus were plotted. The data in A were obtained by 
60°/see stimulus and in B by 100°/sec stimulus. Abscissa 
and ordinate indicate the slow phase head and eye speed, 
respectively. Straight lines in A and B show the regression 
lines calculated from the samples. Significant negative cor- 
relations can be seen between the head and eye speeds. 


head nystagmus is not interrupted by random head 
movements, 2) head and eye nystagmus occur si- 
multaneously and 3) slow phase head and eye 
speeds are nearly constant over a certain period. 
Eye speeds during random head movements were 
not subjected to data analysis in this report because 
of technical difficulty in measuring the speed. Slow 
phase speeds of coupled head and eye nystagmus 
collected from 12 recordings of three squirrel 
monkeys are plotted in Figure 3. Although a highly 
significant negative correlation can be seen between 
head and eye speeds in Figure 3A, B, the negative 
correlation coefficient is slightly lower.in B than in 
A. The correlation coefficients were —0.81 
(n=119) in A and —0.72 (n=131) in B. As the eye 
speed starts to lag behind the stimulus speed (when 
the latter becomes about 100°/sec),* it may be 
speculated that as the stimulus speed increases an 
ability of eye-head coordination decreases. This is 
the result of negative oculomotor control performed 
by the visual, vestibular and neck proprioceptive 
systems. Therefore, the gaze speed, which is the 
sum of head and eye speed, would be maintained at 
a constant level irrespective of the magnitude of 
head speed. Thus retinal image slip is minimized 
and clear vision is possible. 


Slow phase speed of head, eye and gaze move- 
ments are summarized in Table 2. The mean gaze 
speeds at 60 and 100°/sec are close to the stimulus 
speed. The mean errors of gaze are less at 60°/sec 
stimulus speed than at 100°/sec stimulus where 
there is a 7.8% error. Slow phase eye speeds under 
the fixed head condition were calculated from two 
recordings from each of eight squirrel monkeys. The 
means and standard deviations were 57.5+ 3.0°/sec 
at 60°/sec and 95.7+6.0°/sec at 100°/sec stimuli 
(not shown in Table 2). A t test showed no signifi- 
cant difference between gaze speed in a free head 
condition and eye speed in a fixed head condition. 
It can be concluded that under the experimental 
conditions employed the presence of head move- 
ments did demonstrate equal accuracy of gaze per- 
formance with that obtained when the head was 


fixed. 


TABLE 2. SLOW PHASE SPEEDS OF HEAD, EYE AND 
GAZE MOVEMENTS 


Stimulus Speed 


60°/sec (n=119) _100°/sec (n=131) 


Head speed 28.9+ 11.8°/see 31.3+ 14.8°/sec 
Eye speed 30.2+ 9.4°/see 60.9+ 15.6°/sec 
Gaze speed 59.1+ 6.8°'see 92.2+ 11.4°/sec 
Mean error of gaze —0.9°/sec = FO 1560 
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DISCUSSION 


Head Deviation. Head deviation during OKS oc- 
curring in man seems to be uncertain; however, 
OKS invariably causes a head deviation to the side 
of ocular slow phase in lower vertebrates (eg, birds, 
guinea pigs and rabbits).°-’’ In the present study, 
squirrel monkeys showed tonic or phasic head devi- 
ation to the side of ocular quick phase during and 
after OKS. Although the magnitude of head devia- 
tion varied, its direction did not. We suspect that 
optokinetic influence on neck muscles is stronger in 
rabbits, guinea pigs, pigeons and chickens than in 
man and squirrel monkeys. Volitional factors such 
as the intent to fixate moving stripes as fast as possi- 
ble may cause head deviation to the side of ocular 
quick phase in squirrel monkeys. 


Fukuda’ reported that the head deviation in 
chickens gradually decreased when they were ex- 
posed to OKS dai-y. After two weeks of trials the 
animals started to turn their heads toward the side 
of the quick phase. He suggested that animals 
gained the ability to maintain head and body equi- 
librium or otherwise they would fall toward the 
slow phase. Since squirrel monkeys showed head 
deviation toward the quick phase from the first ex- 
posure to OKS they may possess the type of ability 
that was seen in trained chickens, even without any 
training. 


Head Nystagmus and Oculomotor Control, Out- 
erbridge and Melvill Jones’? reported that of seven 
human subjects tested by impulsive acceleration in 
the dark, only three showed head nystagmus. Of 
nine squirrel monkeys tested by OKS in the present 


study, seven showed clear head nystagmus; the. 


same result was obtained by using impulsive angu- 
lar acceleration in the dark. Therefore, head nys- 
tagmus in squirrel monkeys is more frequent and of 
larger amplitude than in humans; however, it is 
smaller than in birds, guinea pigs and rabbits. The 
fact strongly suggests a species difference in visual 
and vestibular influence on neck motoneurons. 


Visual stimuli were given in two different modes 
(ie, predictive vs unpredictive) in previous 
papers.'?*!! Some differences in eye and head 
movement patterns were found between these two 
stimulus paradigms. However, the subjects 
achieved essentially the same performance, ie, fixa- 
tion of retinal image into the fovea. The visual 
stimulus used in this experiment is quite different in 
nature. It is noteworthy that although a different 
type of visual stimulus and a different species of 
animal were used in this experiment, nearly perfect 
eye-head coordination was demonstrated. Among 
three oculomotor negative control systems, the cer- 
vico-ocular reflex has the lowest gain, hence seems 
to play a secondary role.'*:'? The visual-oculomotor 
feedback loop has no functional role during sac- 
cadic gaze shift because of its slow operation time;"* 
however, during the slow phase of nystagmus, it 
probably plays some significant role. The compen- 
satory vestibular reflex seems to be most important 
for eye-head coordination because the gain of this 
system is close to unity and also because the reflex 
arc is a feedforward system instead of feedback sys- 
tem.'§"6 The significance of the vestibulo-ocular 
reflex on eye-head coordination has been confirmed 
by several studies including ours**'*:'? which 
demonstrate gaze overshoot after interruption of 
the vestibulo-ocular reflex. 
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OBJECTIVE EVALUATION OF EARPLUGS FOR THE CONTROL OF 
WATER-BORNE INFECTION 


DAVID W. JOHNSON, MS, MA 
ROBERT H. MAISEL, MD 


MINNEAPOLIS, MINNESOTA 


Eighty-two cotton, foam, and solid core stock and custom earplugs were evaluated objectively for water absorption and water 
penetration characteristics in order to determine their efficacy for control of water-borne infection in ears having open middle ear cavities. 
Cotton plugs, even when saturated with petroleum jelly, had poor consistency in resisting even minimal water pressure. Polymeric foam 
plugs, especially when saturated with petroleum jelly, appeared to inhibit water flow in conditions approximating actual ear protection 
use. No plugs evaluated, including custom elastomeric solid core plugs, inhibited water penetration in conditions approximating shallow 
surface dives. A clinical protocol for evaluation of potential earplugs for patient use is proposed on the basis of this study. 


INTRODUCTION 


The middle ear cleft may become contaminated 
in individuals with tympanostomy tubes, with per- 
forated tympanic membranes, or with open mas- 
toid bowls exposed to water-borne infection. Occlu- 
sion of the external auditory canal either with a 
custom earplug'? or with various stock earplugs’ 
has been suggested for the management of water- 
borne infection during high risk activities such as 
showering, bathing, or even swimming. Custom made 
plugs satisfactorily occlude the external eanal in 
close to 100% of patients using them, while some 
stock type earplugs are satisfactory in about 90% of 
the patients. A myriad plugs purported to protect 
the ear from water are available in the marketplace 
at this time.’ 


The success of an earplug in controlling water- 
borne infection is directly related to the occluding 
ability of the earplug. Factors such as comfort and 
ease of insertion and removal have been ef addi- 
tional importance. In previous work’ rejection of 
the stock type earplug by some youngsters resulted 
in the children’s ears being unprotected in high risk 
activities. Stock plugs of cotton or soft flexible 
polymeric foam can solve this type of complication 
in fitting and are readily available. The polymeric 
foam plug can be collapsed between the fingers and 
inserted into the external auditory canal. The foam 
earplug swells to its original volume within a min- 
ute while seating itself within the canal. 


The effect is for the plug to fully occlude all ir- 
regularities of the external auditory canal so that 
occlusion is complete. This particular plug was de- 
signed for use in hearing conservation programs and 
was not designed for control of water-borne infec- 
tion. Because of previous success using noise control 


earplugs for the control of water-borne infection, 
however, it was decided to evaluate this sponge-like 
earplug for infection control purposes by comparing 
it to other plugs of the soft variety already in use or 
to other plugs previously reported.'?4 


METHODS 


Cotton sponges and earwicks were obtained from a local 
medical supply house while the polymeric foam, the triple flange 
synthetic rubber, and the elastomeric silicone polymerie plugs 
and mold materials were obtained from a local industrial hearing 
conservationist. The earplugs were evaluated under a two-part 
study protocol under several conditions. The porous plugs were 
analyzed for water absorption characteristics and water oc- 
cluding ability with and without petroleum jelly saturation. 


Water Absorption (Fig. 1). Earwicks (plugs 1, 2) were 
submerged under 200 cc of water. Cotton sponges were divided 
into plugs (3-8) with diameters of 1.5, 2.0, and 3.0 cm and were 
compressed once and allowed to fully expand before being 
submerged under 200 cc of water. Polymeric foam plugs were 
treated in a different manner because of their compression/expan- 
sion characteristics. 


One set of polymeric foam plugs (9, 10) was collapsed com- 
pletely one time and allowed to swell to original volume. The 
plugs were submerged under 200 cc of water then removed at the 
end of a 30-minute soaking period and the amount of absorbed 
water was determined. The plugs were cellapsed and allowed to 
fully expand 15 more times before again being placed under 200 
cc of water for an additional 30 minutes. They were removed a se- 
cond time and residual water retention was determined. They 
were compressed and allowed to fully expand an additional 30 
times and were again submerged under 200 ce of water and 
allowed to soak an additional 30 minutes before determining for a 
third time what amount of water had been absorbed. 


Additional polymeric plugs (11, 12) were initially compressed 
and expanded 15 times before initial immersion and water ab- 
sorption determination after 30 minutes submersion. These plugs 
were compressed and allowed to expand an additional 30 times 
before another 30 minutes of submersion and determination of 
water absorption. A third set of polymeric plugs (13, 14) was 
compressed and expanded 30 times before initial immersion under 
200 cc of water and evaluation for water absorption. 
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Fig. 1. Water absorption evaluation protocols. 


Cotton plugs with diameters of 1.5 cm (15-20), 2 cm (21-25) 
and 3 cm (26, 27) were saturated with petroleum jelly by placing 
them in hand and working the jelly well into the fibers. The 
petroleum jell, compressed the respective plugs to a size .5 cm less 
than the origiaal diameter. Petroleum jelly was worked into the 
polymeric foem plugs (28-38) in a similar manner. All plugs 
treated with petroleam jelly (15-38) were evaluated with water 
soaking in a manner similar to that of plugs 1-8 outlined above. 


Water Penetratior Rate (Fig. 2). Water could pass plugs used 
to seal an experimertal ear canal model by either going through 
the plugs or round them. The rate at which water would flow 
through or around each variety of earplug was evaluated under 
three conditis. Condition 1 was designed to be easy enough for 
the individual clinic:an to use in his own practice for evaluation of 
plugs prior to patiert use. Condition 2 was a validation study of 
condition 1, essentzally an attempt to evaluate the plugs ex- 
perimentally n an cecluding condition where a 2-cc volume, ap- 
proximating the vclume of the external auditory canal, was 
coupled to the tube hclding the respective plugs. This condition 
would approzimate surface swimming, showering, shampooing, 
etc. Condition 3 was designed to approximate conditions of a sur- 
face dive while swimming. To evaluate occluding ability during 
submersion, eondition 3 used portions of conditions 1 and 2 for 
evaluation. Cf the taree conditions, only condition 1 was suitable 
for clinician ase on a regular basis. 


In conditien 1, lugs without petroleum jelly (39-43) were 
evaluated by inserting them into an .8 cm (inside diameter) tube, 
and 1.5 cc water wes placed in the upper portion of the tube. The 
amount of time it ok for water to penetrate the length of the 
plug was determiaed. Plugs saturated with petroleum jelly 
(44-50) were-evalucted in a similar manner. A number of plugs 
utilized in the absomtion part of our protocol (plugs 3, 12, 14, 16, 
20, 21, 26, 29, 34, 38’ were used a second time (as plugs 39, 40, 
41, 44-50, respectively). 


Condition 2 was more complex because the plugs were evalu- 
ated in a sim lar menrer to condition 1, except that the extruding 
end of the phug was surrounded by a 2 cc cavity to approximate 
external aud tory canal volume with plug in place. Again, some 
plugs (51-54) were evaluated without petroleum jelly saturation 
and the other plug (55-58) were evaluated with petroleum jelly 
saturation for rate cf water penetration. 


In condit-on 3, -he column of water exerting pressure on the 
respective p ugs evaluated was increased from 1.5 cc used in con- 
dition 1,to 162 cc in order to simulate the depth reached in a 


shallow 180 cm surface dive while swimming. Again, we used 
plugs untreated with petroleum jelly (59-63) and plugs treated 
with petroleum jelly (64-68). A second subset of untreated plugs 
(69-73) and petroleum jelly-treated plugs (74-78) were evaluated 
in the same manner except for placement of the 2 cc cavity at the 
extruding end of the tube. 


Stock synthetic rubber plugs (79, 80) and clinic fabricated plugs 
(81, 82) of the elastomeric silicone polymeric variety (ie, custom 
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Fig. 2. Water penetration rate. 
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TABLE 1. WATER ABSORPTION OF COLLAPSIBLE 
EARPLUGS 





Mean 
Earplug Absorption Range (ml) 


No. (ml) Min.-Max. 


Untreated earplugs 


Earwicks 12 18.0 18.0-18.0 
Cotton 3,4 10.8 7.5-14.0 
Cotton 5,6 31.5 29.0-34.0 
Cotton 7,8 80.0 77.0-83.0 
Polymeric foam 9-14 4.6 2.0- 9.0 
Petroleum-treated plugs 
Cotton 15-20 1.8 1.5- 2.0 
Cotton 21-25 3.6 1.8- 4.8 
Cotton 26-27 4.0 2.0- 6.0 
Polymeric foam 28-38 oO 3-0 


plugs) were evaluated similarly. The extruding portion of each 
plug (79-82) precluded evaluation with our 2 cc volume container 
coupled to the end of the test tubing. 


FINDINGS 


Water Absorption. All collapsible earplugs did 
absorb water (Table 1). Earwicks (plugs 1, 2) and 
1.5 cm cotton plugs (3, 4) absorbed small amounts 
of water (less than 18 ml). The amount of water ab- 
sorption did not appear to be related to the amount 
of time under water. Polymeric foam plugs which 
were squeezed considerably before submersion in 
water (13, 14) appeared to absorb more water than 
plugs receiving less compression and expansion 
before submersion (9-12). The earwick plugs (1, 2) 
absorbed three to six times as much water as did the 
polymeric foam plugs (9-14). 


Plugs saturated with petroleum jelly (15-38) per- 
formed more efficiently than did the untreated 
plugs (1-14) in resisting water absorption (Table 1). 
Cotton plugs impregnated with petroleum jelly 
demonstrated considerable variability in the 
amount of water absorbed (1.5 ml to 6.0 ml) in- 
dependent of the diameter of the respective plugs 
while the polymeric foam plugs impregnated with 
petroleum jelly appeared to resist water absorption 
with more uniformity (.3 ml to .5 ml absorbed). 


TABLE 2. RAPIDITY OF WATER PENETRATION 
THROUGH A .8 cm DIAMETER ORIFICE WITH 1.5 ce 
WATER PRESSURE FOR COLLAPSIBLE EARPLUGS 





Mean 
Minutes 
Before Range in 
Earplug Penetra- Minutes 
No. tion Min.-Max. 
Untreated earplugs 
Presoaked 
Cotton-polymeric 37-41 03 O1- .06 
New 
Polymeric 42-43 3.50 2.80- 4.20 
Petroleum-treated plugs 
Presoaked 
Cotton 44-47 7.50 .03-30.00 
Polymeric 48-50 14.30 10.00-18.00 


TABLE 3. RAPIDITY OF WATER PENETRATION 
THROUGH A .8 cm DIAMETER ORIFICE WITH 1.5 cc 
WATER PRESSURE FOR COLLAPSIBLE EARPLUGS 
SURROUNDED BY A 2 cc CAVITY 





Mean 
Minutes 
Before Range in 
Earplug Penetra- Minutes 
No. tion Min. -Max. 
Untreated earplugs 
Cotton 51-52 .02 .02- .02 
Polymeric 53-54 11.75 8.00-15.50 
Petroleum-treated plugs 
Cotton 55-56 45.75 1.50-90.00* 
Polymeric 57-58 58.50 27 .00-90.00* 


*Portion of study terminated at end of 90 minutes. 


One variety of stock plug (79, 80) and one variety 
of custom plug (81, 82) were not evaluated for 
water absorption because each of these types of 
plugs had a solid nonwater-absorbing core. 


Water Penetration Rate. Water rapidly pene- 
trated past untreated earplugs when they had been 
previously soaked in water (plugs 39, 40, 41) but 
not when used without previous soaking (plugs 42, 
43) (Table 2). Water was able to penetrate the 
presoaked plugs in .5 to 3.5 seconds with the very 
minimal pressure of 1.5 cc of water of condition 1. 
Dry, new plugs required 2.8 to 4.2 minutes for 
penetration. 


Rapidity of water absorption in condition 1 
changed dramatically with most plugs (15-38) when 
impregnated with petroleum jelly (Table 2). Small 
diameter cotton plugs continued to pass water 
through their length very rapidly (plugs 44-46), but 
the large diameter cotton plug with petroleum jelly 
saturation (47) sealed our .8 cm diameter orifice 
very effectively. Polymeric foam plugs impregnated 
with petroleum jelly (48-50) also performed well in 
condition 1, effectively sealing the orifice for 10 to 
18 minutes. 


TABLE 4. RAPIDITY OF WATER PENETRATION 
THROUGH A .8 cm DIAMETER ORIFICE WITH 162 cc 
WATER PRESSURE FOR COLLAPSIBLE EARPLUGS 





Mean 
Minutes 
Before Range in 
Earplug Penetra- Minutes 
No. tion Min.-Max. 
Not surrounded by 2 cc 
cavity condition 
Untreated earplugs 
Polymeric 59-63 01 .O1-.01 
Petroleum-treated plugs 
Polymeric 64-68 .08 .03-.18 
Surrounded by 2 cc 
cavity condition 
Untreated earplugs 
Polymeric 69-73 02 .02-.02 


Petroleum-treated plugs 
Polymeric 74-78 .34 .08-.88 
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TABLE 5. RAPIDITY OF WATER PENETRATION 
THROUGH A .8 en DIAMETER ORIFICE WITH 162 cc 
WATER PRESSURE FOR SOLID CORE STOCK AND 
SUSTOM EARPLUGS 


Mean 
Minutes 
Before Range in 
Earplug Penetra- Minutes 
Earplugs No. tion Min.-Max. 
Synthetic rubber 79-80 7.58 .16-15.00* 
Elastomeric 81-82 03 02- .05 


*Portion of study terminated at end of 15 minutes. 


In condition 2 where the space between an 
earplug and the tympanic membrane was approxi- 
mated, untreated cotton plugs (51, 52) continued to 
have very poor occluding ability (Table 3). Un- 
treated polymeric foam plugs (53, 54) appeared 
about twice as e-fective when the 2 cc volume cavi- 
ty was coupled -o the tube serving as our synthetic 
external auditory canal (Table 3) as opposed to con- 
dition 1 where m cavity was used (plugs 42-43) (Ta- 
ble 2). 


Plugs treated with petroleum jelly and evaluated 
with the 2 cc cavity resisted water absorption. 
Treated cotton plugs (55, 56) were able to with- 
stand water peretration for 1.5 minutes (Table 3). 
Polymeric foam plugs treated with petroleum jelly 
in condition 2 were able to withstand penetration 


for about half an hour (Table 3). 


When the column of water exerting pressure 
through the .8 cm diameter tube. was increased 
from 1.5 cc to 162 ce (condition 3) water rapidly 
penetrated past the occluding device whether or not 
the 2 cc cavity was coupled to the tubing holding 
the plugs (59-78), regardless of petroleum jelly 
saturation (TaHe 4). Solid stock and custom plugs 
(79-82) were noc universally successful either (Table 
5). In condition 3 water did not appear to penetrate 
any of the plug, but rather appeared to pass in the 
space between -he plugs and the walls of the tube, 
especially when the plugs were petroleum jelly 
saturated or when the plugs were solid. 


DISCUSSION 


All varieties of earplugs evaluated will occlude 
the external auditory canals of most people with the 
exceptions of tae earwicks which do not fully oc- 
clude the canals unless moist. Absorption charac- 
teristics of cotton and earwick plugs were three to 
six times poorer than those of the polymeric foam 
plugs when the respective plugs were not saturated 
with petroleum jelly. When any plugs (including 
polymeric) had been “presoaked,” the plugs similar- 
ly absorbed weter within several seconds. The im- 
plication was that each plug could occlude the ex- 
ternal auditory canals of appropriate patients, but 
would tend to absorb water quickly unless it was 
polymeric and being used for the first time. The 
polymeric foan plugs were slightly better than 


standard cotton when they were presoaked if they 
were not compressed many times before use. 


All plugs absorbed considerably less water when 
saturated with petroleum jelly. The polymeric 
plugs tended to absorb about one fourth the volume 
of water that the 1.5 cm diameter cotton plugs did, 
one eighth the volume of the 2 cc diameter cotton 
plugs, and less than one twelfth the volume of 3 cm 
diameter cotton plugs. The 1.5 and the 2 cm diam- 
eter cotton plugs saturated with petroleum jelly did 
not substantially inhibit the water absorption 
through our .8 cm orifice. Perhaps this occurred 
because these plugs did not expand as well as the 
other plugs and thus perhaps expanded more fully 
in water than did the others. The 3 cm cotton 
saturated plug and the polymeric saturated plugs 
did better in inhibiting water absorption when 
petroleum jelly had been worked into the plug. The 
cotton, however, was too large. to fit the external 
auditory canals of many people and actually pro- 
truded from the experimental canal. This allowed 
considerable air contact area, perhaps inhibiting 
rapid absorption by surface tension or air absorp- 
tion during the study period. The petroleum jelly- 
saturated foam plugs did well, inhibiting water 
flow for ten or more minutes in condition 1 or even 
up to half an hour or more in condition 2. These 
data suggest that the polymeric foam plugs treated 
with petroleum jelly could be most useful in pro- 
tecting from middle ear contamination in appropri- 
ate patients, although untreated polymeric plugs 
could be of some help. Cotton plugs treated with 
petroleum jelly may be useful, but their water in- 
hibition predictability would appear poor based on 
this study. 


No plugs evaluated in this study in condition 3 
were able to withstand substantial water pressure 
for any significant amount of time. Neither stock 
plugs of soft polymeric material or synthetic rub- 
ber, nor custom plugs of elastomeric polymer would 
appear efficacious for middle ear protection with 
head submerged at shallow depth (180 cm). Oc- 
cluding ability of the plugs appeared not to be 
measured by condition 3, but rather by the outward 
force of the respective plugs against our synthetic 
external auditory canal. Again, the problem is not 
the material from which the plug is made but the 
adhesion characteristics of the respective plugs to 
the experimental canal walls. 


Of the plugs evaluated, the polymeric foam plug, 
when saturated with petroleum jelly, would appear 
best in selected patients for swimming on the sur- 
face or for bathing and showering for brief periods 
of time. Untreated polymeric plugs would appear 
adequate for brief showers or shampooing purposes. 
Cost economies suggest the use of such plugs (about 
$.50 a set without petroleum jelly) in place of more 
expensive custom plugs necessitating clinican time 
in taking impressions and manufacturing the ear- 
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plug.* Because a number of foam type plugs are on 
the market, it would be appropriate for the in- 
dividual clinician to evaluate the locally available 
foam plugs before implementing prosthetic use. The 


test protocol using 1.5 cc water through a .8 cm 
diameter orifice without a 2 cc cavity would appear 
to be a reasonable method for evaluation (ie, condi- 
tion 1) for predicting success. 
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ADDENDUM 


TABLE 6. EVALUATION OF EARPLUGS USED BY ADULT MALES WHILE SWIMMING 


Custom Elasto- 
meric Plugs 


Swimming Protocol Prior 
to Ear Canal Examination 


Stock Synthetic 
Rubber Plugs 


Stock Polymeric 
Foam Plugs 
Impregnated with 
Petroleum Jelly 


Controls 


Stock Polymeric 
Without Plugs 


Foam Plugs 


No. and Percentage of Ears Showing No Penetration by Water After Swimming Protocol 


Submersion under 162 cm 
of water with bathing 


cap over plugs 6 (100%) 10 (100%) 


Submersion under 162 cm 
of water with bathing 
cap over plugs and 


five-minute swim 2 (100%) 2 (100%) 


Further studies relating to actual human in-use evaluation of 
earplugs are ongoing as we develop another paper, but our very 
preliminary data may be of interest. The plugs used in the ex- 
perimental model study (except for the cotton plugs which we ex- 
cluded on the basis of data from our model) were evaluated in 
young adult males. The protocol was to inspect the external 
auditory canals of the subjects, insert the earplugs, anc place a 
bathing cap on the subject. The subject would then jump into a 
swimming pool and submerge to a depth approximately 162 cm 
(ie, touch the bottom of the pool at 270 cm), return to thesurface, 
dry off the external ear while the plugs were still in place, and 
remove the plugs. A second inspection of the external auditory 
canals was made and any water penetration was noted. Studies of 
one surface dive to a depth of 162 cm and swimming for a period 
of five minutes were carried out; one subject did not cover his ears 
with the bathing cap during this part of the study. 


6 (100%) 8 (100%) 10 (0%) 


8 (87.5%) 2 (100%) 10 (0%) 


Preliminary results from this ministudy are summarized in 
Table 6. The results demonstrate that the plugs appear to work 
equally well for the short term occlusion (jumping into the pool 
and jumping out), and indeed appear to work better than our ex- 
perimental model might have predicted. For longer periods of 
time, the model would appear to have prospective validity (jump- 
ing into the pool and swimming for five minutes) since the un- 
treated polymeric foam plugs failed with time. 


It appears that the experimental model proposed in our manu- 
script can predict those plugs which are likely to fail in vivo. 
Studies in vivo suggest that plugs will be resistant to water 
penetration for a longer period than the model might have pro- 
jected. However, a poorly occluding plug will be identified by the 
proposed experimental model and the plugs showing promise on 
evaluation experimentally are likely to be safe for actual use. 


BOOK REVIEWS 


Classics in Modern Otology 


By Luis Garcia-Ballester, Guillermo Olagiie, and Miguel Ciges. 
Illustrated, 354 pp, 1978. Granada University Press, Barce- 
lona. Price $18.00. 


Few practicing physicians realize that otology is a very old spe- 
cialty and it was only a fairly recent development that combined 
it with rhinology and laryngology. Indeed, otology has a rich, 
although infrequently documented, history. The medical special- 
ties underwent rapid evolution in the latter part of the 18th and 
early 19th centuries. This was due to a number of factors such as 
development of concepts relating pathologic changes to symptoms 
and signs and the use of instruments which would permit physi- 
cians to describe in the living patient what the pathologist would 
discover by autopsy. Social economic changes which occurred 
with the development of large urban communities permitted a 
physician to become interested in one organ system. An added 
spur to the development of specialties was the evolution of special- 
ized journals, which were a tremendous aid to communication. 


This book, which was published for the meeting of the Col- 
legium Otorhinolaryngologicum Amicitiae Sacrum Congress in 
Granada in 1978 is a compilation of articles that the authors felt 
were of special importance in the evolution of otology as a special- 
ty. The Introduction offers a review of the emergence of medical 
specialties and concentrates on the development of otology. The 
selected readings are divided into four sections on the position of 
otology and its changes throughout the nineteenth century; meth- 
ods of examination; the middle ear, which includes a group of ar- 
ticles on mastoid surgery and otosclerosis; and diseases of the in- 
ner ear. These artic.es provide examples of the clinical and 
anatomic observations made by pioneers in the specialty. It is a 
humbling experience to peruse an article by Toynbee, who dis- 
sected 2000 temporal bones, and to realize that his article might 
have been published in the present decade. The description of the 
tympanic membrane by Politzer has not been surpassed. The 
arguments regarding indications for and techniques of mastoid 
surgery are a revelation when one considers that “in 1873 Dr. A. 
H. Buck could record 31 operations with 23 good results,” and “in 
the remaining 8 fatal cases, death could not be attributed to the 
operation directly or indirectly in more than one case.” 


The articles are written in their original language. Since much 
of the work was in German and French with occasional Spanish 
articles, it is necessary to translate them. This is not always an 
easy task. Biographical sketches of the authors are included for the 
reader which adds much interest to the text. These biographies re- 
veal the efforts that this group of men made to obtain an educa- 
tion which would prepare them to make such significant con- 
tributions. 


The text is published by the University of Granada Press and, 
with the exception of some typographical errors, it is presented in 
a very readable manner. This book should be in the library of 
every student of otology and should be used as an introduction in 
all training programs. 

SYLVAN E. STOOL, MD 
Pittsburgh, Pennsylvania 


Diseases of the Ear: A Textbook of Otology, Fourth Edition 


By Stuart R. Mawson and Harold Ludman. Hard cover, black 
and white illustrations, indexed, 580 pp, 1979. Year Book 
Medical Publishers, Chicago. Price $69.95. 


This text is written primarily for the postgraduate student who 
is studying for hissqualifying examinations. The basic science sec- 
tions, Embryology, Anatomy and Physiology, are presented in a 
concise manner. The chapters on diseases reflect the authors’ wide 
clinical experience and are written in a very readable manner. 
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References are not included in the text but a short bibliography is 
available at the end of each chapter. This method of presentation 
permits the authors to write authoritatively, which is an advan- 
tage to the student who does not wish to explore the controversies 
in otology. It is a disadvantage to the reader who desires to 
evaluate the pros and cons of various therapeutic methods. Since 
there are divergent methods for therapy, a less authoritarian ap- 
proach or more complete documentation of the results of a sug- 
gested method would be helpful to this reader. 


The illustrations are line drawings and therefore not as in- 
teresting as they might be; however, they are adequate. 


The book is certainly recommended for the audience the auth- 
ors wish to address and for the student or resident who needs a 
concise, easy-to-read review of contemporary basic science, diag- 
nosis, and therapy in otology. 

SYLVAN E. STooL, MD 


Pittsburgh, Pennsylvania 


Secretory Otitis Media and Its Sequelae 


By Jacob Sadé. Hard cover, black and white and color illustra- 
tions, 314 pp, 1979. Churchill Livingstone, New York. Price 
$35.00. 


Dr. Sadé states that “secretory otitis is both a fascinating and 
important subject.” It is fascinating because it enhances our 
understanding of otitis media and is related to various fundamen- 
tal biological and pathological processes. Its importance lies in its 
prevalence in the general population and its high incidence in 
children. 

This text, which is the first in a proposed series of clinical 
otolaryngology monographs, is devoted to the many aspects of this 
disease as interpreted by the center which has been studying 
secretory otitis for 20 years. There are 17 chapters, each of which 
is virtually a unit in itself. Of most interest are those which sum- 
marize basic research in the field. While much of this information 
has been published elsewhere, it is collated and evaluated in sev- 
eral excellent chapters by the author. Other chapters on mucosa, 
mucus, immunology, audiology and pneumatization are written 
by carefully chosen contributors from other institutions and 
demonstrate how difficult it is to have one center that can inves- 
tigate all aspects of this very complex disease. 


The chapters devoted to clinical management are not as lucid 
and integrated; the clinical information is scattered throughout 
the text, a fact the author recognizes in the foreword. The text 
also suffers from the introduction of terminology such as “the 
semi-hot ear,” “metula” and “herodium;” while Dr. Sadé ac- 
knowledges there is nothing sacred about nomenclature, this does 
not add to the clarity of the book. 


This text is not for the casual reader, and it must be approached 
in a critical manner because there are so many areas of controver- 
sy. For instance, the author makes a statement that children with 
cystic fibrosis have an increased incidence of acute otitis media. 
However, the reviewer was unable to find the documentation 
that substantiates this observation. While this may be considered 
“nit-picking,” in a text devoted to a single condition one should 
expect documentation of such a potentially controversial state- 
ment. 


With the above caveats, I recommend this text to the serious 
student of otology. As the author states in the foreword (which is 
very good and alone is worth the price of the text), most of this in- 
formation was unknown 20 years ago and 20 years hence it may 
be obsolete. This book represents the state of the art in several 
centers which are devoted to understanding this fascinating and 
important disease. 

SYLVAN E. STOOL, MD 
Pittsburgh, Pennsylvania 


COMBINED OTOLARYNGOLOGICAL SPRING MEETINGS 


The Bayshore Inn, Vancouver, British Columbia 


1981 Preliminary Programs 
(Subject to change and Counci approval) 


AMERICAN BRONCHO-ESOPHAGOLOGICAL ASSOCIATION 
May 11-12, 1981 


Airway Compromise Due to an Abnormally Compliant Trachea 
in a Neonate with Multiplex Congenita (Larsen) Syndrome. 
Kenneth M. Grundfast, MD, Anwar Mumtaz, MD, Robert 
K. Kanter, MD, Murray M. Pollack, MD. 


Flexible Fiber-Optic Endoscopy in Difficult Intubations. Enje 
Th. Edens, MD, Roberto Sia, MD. 


Laser Treatment of Metastatic Melanoma of the Trachea and 
Bronchus. Albert H. Andrews, Jr., MD, David D. 
Caldarelli, MD. 


Sputum Cytologic Diagnosis of Upper Respiratory Cancer — II. 
H. Bryan Neel III, MD, David R. Sanderson, MD, Bobert S. 
Fontana, MD, Lewis B. Woolner, MD. 


Unusual Presentations of Foreign Bodies in the Air and Food Pas- 
sages. Seymour R. Cohen, MD. 


Hypopharyngeal and Proximal Esophageal Injuries in Patients 
with Cervical Trauma. Richard A. Pollock, MD, John M. 
Purvis, MD, Herndon Murray, MD. 


A Simple ENT Problem with Dire Complications. Harry R. 
Morse, MD. 


The Incendiary Characteristics of Endotracheal Tubes with the 
Carbon Dioxide Laser: An Experimental Study. Ed Treyve, 
MD, Gale E. Thompson, MD, C. Thomas Yaring‘on, Jr., 
MD. 


Management of the Laser Ignited Explosion Injury of the Trach- 
eobronchial Tree. Victor L. Schramm, Jr., MD, Peter Fer- 
son, MD, Douglas E. Mattox, MD. 


Endoscopic Findings in Sarcoidosis: Characteristics anc Corre- 
lation with Radiographic Staging and Bronchial Biopsy 
Yield. John Armstrong, MD, Jan R. Radke, MD, Paul A. 
Kvale, MD. 


Flexible Fiberoptic Bronchoscopy and Chest Roentgenogram in 
the Evaluation of Patients with Head and Neck Malignan- 
cies. Terry Garfinkle, MD, Robert A. Weisman, MD, James 
C. Denneny, III, MD. 


Bronchogenic Cryotherapy. David R. Sanderson, MD, E. Bryan 
Neel III, MD, Robert S. Fontana, MD. 


Congenital Tracheal Stenosis. Bruce Benjamin, MD, D. H. 
Cohen, MD, J. Pitkin, MD. 


Histopathology of Acquired Subglottic Stenosis — A Documented 
Case Report. Gabriel F. Tucker, Jr., MD, Leonard Newton, 
MD. Robert J. Ruben, MD. 


Televising and Videotaping of Microsurgery of the Larynx. Eiji 
Yanagisawa, MD. 


A New Universal Bi-valved Speculum Direct Laryngoscope. 
Geonge Berci, MD, Paul H. Ward, MD. 


Epidemiclogy of Esophageal Cancer in Lin Xian. George Wu, 
MD. 


Surgical Repair in Hypopharyngeal and Cervical Esophageal 
Caneer — Analysis of 164 Patients. D. F. N. Harrison, MD. 


Abnorma’ Esophageal Manometry in Globus Hystericus. Toribio 
C. Flores, MD, Frederick S. Cross, MID, Richard D. Jones, 
PhD. 


Esophageal Hiatal Hernia in Infants and Children. Blair Fearon, 
MD, Israel Brama, MD, Roman Dykun, MD. 


Disorders of Swallowing. John E. Rayl, MD. 


Duplicatien of the Cervical Esophagus. Diran O. Mikaelian, 
MD, John J. O’Keefe, MD, Simon K. Simonian, MD. 


Horseradish Peroxidase Studies in Animals with Neuromuscular 
Transpositions. G. David Neal, MD, Dwight Sutton, PhD, 
Charles W. Cummings, MD. 


The Role of Videotaping in the Diagnosis and Management of 
Laryngeal Cancer. Horst R. Konrad, MD, John Bussen, Skip 
Griswold, Dan Hopla, MD. 


Management of Laryngotracheoesophageal Cleft. Robin T. Cot- 
ton, MD. 


Grassheads in the Tracheobronchial Tree: Two Different Out- 
comes. Mary J. Spencer, MD, Victoria E. Millet, MD, James 
P. Dudley, MD. 


Epiglottic Laryngoplasty for Severe Glottic Stenosis. Harvey M. 
Tucker, MD, Steven M. Sobol, MD. 


AMERICAN LAEYNGOLOGICAL ASSOCIATION 


May 10-11, 1981 


Surgical Approach to the Medial Orbital Wall: 527 Patients. Don- 
ald N. F. Harrison, MD. 


Histochemical Studies on the Human Intrinsic Laryngeal Muscles 
and Their Innervation. Leslie T. Malmgren, MD, Richard 
R. Gacek, MD. 


Laryngeal Paresis and Paralysis of Central Origin. Paul H. Ward, 
MD, David G. Hanson, MD, George Berci, MD. 


Nasopharyngeal Juvenile Fibroma: 321 Cases. Ricardo Tapia 
Acuna, MD. 


Daniel C. Baker, Jr., Memorial Lecture. The Chinese Health 
System. Dr. George Wu. 


The Treatment of Carcinoma of the Epiglottis: An Update. Jo- 
seph B. Nadol, MD. 
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Hypothyroidism Following Treatment for Head and Neck Can- 
cer. Donald P. Vrabec, MD. 


The Significance of Positive Bronchial Cytology in the Presence 
of Squamous Cel] Carcinoma of the Upper Aerodigestive 
Tract. Janas T. Johnson, MD, Joseph Turner, MD. 


Laryngeal Reinnervation for Unilateral Vocal Cord Paralysis: 
Long-Term Results. Harvey M. Tucker, MD. 


Metachronous Second Primaries in Head and Neck Cancer. Rob- 
ert H. Maisel, MD, Hubert Vermeersch, MD. 


Laryngeal Complications of Nasogastric Tubes: A Prospective 
Clinical Study. Robert A. Sofferman, MD, Richard Hubbell, 
MD. 


Laryngeal Injuries Secondary to Nasal Gastric Tubes. Michael 
Friedman, MD, Emanuel Skolnik, MD. 


Anesthesia for Laryngeal Surgery in the Infant and Child. Wil- 
liam Brumitt, MD, Blair Fearon, MD, Israel Brama, MD. 


Documentation in Pediatric Laryngology. Bruce Benjamin, 
OBE, DLO, FRACS. 


Pseudo-Laryngeal Paralysis: A Post Intubation Complication. 
Seymour R. Cohen, MD, Kenneth A. Geller, MD, Jeffrey 
W. Birns, MD. 


Vertical Partial Laryngectomy for Bilateral Glottic Carcinoma 
with Fixation. Hugh F. Biller, MD, William Lawson, MD. 


The Cleveland Clinic Foundation’s Experience with Post Total 
Laryngectomy Voice Restoration Following Tracheal- 
Esophageal Puncture. Benjamin G. Wood, MD, Melinda H. 
Rusnov, MA, Harvey M. Tucker, MD, Howard L. Levine, 
MD. 


Limitations of the Blom-Singer Technique for Voice Restoration. 
Jagdev Singh, MD, Jack L. Gluckman, MD, J. Oliver 
Donegan, MD. 


Further Experiences with Vocie Restoration After Total Laryn- 
gectomy. Mark I. Singer, MD, Eric D. Blom, PhD. 


Prosthetic Vocal Rehabilitation Post Laryngectomy with Voice 
Button. Brian F. McCabe, MD, William R. Panje, MD. 


Voice Restoration After Laryngectomy — Where Do We Stand in 
1981? Jerome C. Goldstein, MD. 


The Status of Chemotherapy in the Multi-Disciplined Treatment 
of Advanced Head and Neck Cancer: Progress Report 1981. 
Thomas J. Ervin, MD, Daniel Miller, MD, Richard L. Fa- 
bian, MD, Ralph Weichselbaum, MD, Marshall Posner, 
MD. 


Laryngeal and Subglottic Stenosis — Conservative Approach. 
Sidney A. Peerless, MD, Alter G. Peerless, MD. 


Laryngotracheoplasty in Children. John N. G. Evans, MD, 
Robin T. Cotton, MD. 


AMERICAN LARYNGOLOGICAL, RHINOLOGICAL AND OTOLOGICAL SOCIETY, INC. 


May 12-14, 1981 


Chemotherapy for Salivary Gland Cancer. J. Y. Suen, MD, M. 
E. Johns, MD. 


Respiratory Distress after Recurrent Laryngeal Nerve Sectioning 
for Adductor Spastic Dysphonia. J. R. Salassa, MD. 


Simultaneous Video Recording of Airway and Polysomnograph 
During Obstructive Sleep Apnea. T. E. Rojewski, MD. 


Test Battery Assessment of Auditory Perceptual Dysfunction in 
Children. F. E. Musiek, PhD. 


Otosclerosis, I.R.P. and T.O.R.P. J. L. Sheehy, MD. 


Proximal Facial Nerve Exposure in Bell’s Palsy Surgery. D. W. 
Goin, MD. 


Panel Discussion: Pathogenesis of Otitis Media. M. M. Paparella, 
MD. 


The Nasal Acilia Syndrome. James P. Dudley, MD. 
The Mechanical Basis of Septoplasty. T. M. Davidson, MD. 


The “Light Reflex” Tip Plasty Surgical Application of a New 
Theory in Tip Esthetics. N. Fanous, MD. 


Long-Term Evaluation of the Use of Systemic Estrogen in Famili- 
al Hemorrhagic Telangectasia. D. F. N. Harrison, MD. 


Pyriform Sinus Carcinoma. H. Goepfert, MD. 
Lymphoma and the Parotid Gland. R. D. Nichols, MD. 
Ludwig's Angina, an Update. James H. Kelly, MD. 


The Argon Laser in Reconstructive and Otologic Surgery. J. R. 
Di Bartolomeo, MD. 


Rhinologic Surgery with the Carbon Dioxide Laser. G. T. Simp- 
son, MD. 


Experimental Skin Incisions Made with the Laser. C. W. Norris, 
MD. 


Microprobe Analysis of Intracochlear Fluids. R. C. Bone, MD. 


A Ten-Year Statistical Follow-Up of 1142 Consecutive Cases of 


Cholesteatoma: The Closed vs the Open Technique. James 
S. Brown, MD. 


Malignant External Otitis. Melvin Strauss, MD. 


Regional Flap Reconstruction During “Extended” Supraglottic 
Laryngectomy. B. G. Wood, MD. 


Prosthetic Management of Oral Commissure Burns. G. R. Holt, 
MD. 


Transseptal Dacryocystorhinostomy. Bruce H. Berryhill, MD. 


Lateral Tarsal Strip for Correction of Paralytic Ectropion. F. F. 
Becker, MD. 


Panel Discussion: Expectations from Single Channel Cochlear 
Implants. Blair Simmons, MD, William F. House, MD, 
Donald Eddington, PhD, Earl Schubert, PhD, Robin P. 
Michelson, MD. 


AMERICAN OTOLOGICAL SOCIETY, INC. 


May 9-10, 1981 


Mini-panel on Experiences with Middle Ear Ventilating Tubes. 
Ralph F. Naunton, MD, Beverly W. Armstrong, MD, Ralph 
J. Caparosa, MD. 


The Use of Tymparostomy Tubes in Otitis Media. William L. 
Meyernoff, MD, G. Scott Giebink, MD, Donald Shea. 


Auditory Processing Abilities in Children with Previous Middle 
Ear Effusion. Kimberley Hoffman-Lawless, MA, Robert W. 
Keith, PhD, Robin T. Cotton, MD. 


Recurrent Middle Ear Effusion in Childhood: Implications of 
Temporary Auditory Deprivation for Language and Learn- 
ing. Robert J. Sak, MA, Robert J. Ruben, MD. 
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Mini-panel on Experiences with Testing of Eustachian Tube 
Function. Charles Bluestone, MD, James L. Sheehy, MD, 
James Jerger, PhD. 


Neural Connections Between the Middle Ear, Eustachian Tube 
and Brain: Implications for the Reflex Control of Tubal 
Function. Avrim R. Eden, MD. 


Mini-panel on Meniére’s Disease. Michael M. Paparella, MD, 
Bruce Proctor, MD, Harold F. Schuknecht, MD. 


Endolymphatic Duct Obstruction from a Jugular Bulb Diverticu- 
lum. Robert Jahrsdoerfer, MD, Wayne S. Cail, MD, Robert 
W. Cantrell, MD. 


Central Vestibular Signs, Posterior Fossa Pathology and CT Re- 
gional Blood Brain Circulation. Arvind Kumar, MD, 
Nicholas Torok, MD, Galdino Valvassori, MD. 


Mini-panel on Control of Tinnitus. John W. House, MD, John J. 
Shea, MD, Victor Goodhill, MD. 


The Total Energy Concept of Noise Trauma and its Limitations 
— an Update. W. Dixon Ward, PhD, Arndt J. Duvall, III, 
MD, Christopher W. Turner. 


Mini-panel of Treatment of Bell’s Palsy. Jack L. Pulec, MD, 
Eberhard Stennert, MD, Richard R. Gacek, MD. 


Neural Generators of the Brainstem Evoked Responses: Results 
from Human Intracranial Recordings. Aage R. Moller, PhD, 
Peter Jannetta, MD, Margareta B. Moller, MD, PhD. 


Mini-pane! on Stapes Surgery. Mendell Robinson, MD, T. Man- 
ford McGee, MD, J. Brown Farrior, MD. 


The Use of Bio-Inert Ceramic Implants in Middle Ear Surgery. 
Klaus Jahnke, MD, Dietrich Plester, MD. 


A Pattern of Hearing Loss Originating in the Cochlea Associated 
with Hypoxia or Anoxic Anoxia at Birth. Gretchen Probst, 
MAT, Nigel R. T. Pashley, MD, BS. 


COMBINED MEETING 


SOCIETY OF HEAD AND NECK SURGEONS AND 
AMERICAN SOCIETY FOR HEAD AND NECK SURGERY 


Hyatt Regency, Phoenix, Arizona 
March 9-11, 1981 


Scientific Program Summary 


Extracapsular Spread of Tumors in Cervical Node Metastasis. J. 
Johnson, L. Ba-nes, E. Myers, V. Schramm, D. Borocho- 
vitz. 


Prostaglandin Synthesis Inhibitor Produces Marked Regression of 
Head and Neck Epidermoid Carcinoma. W. Panje. 


Can Vocal Ccrd Ca cinoma in Situ Be Managed by a Watchful 
Waiting Policy? B. Hintz, A. Kagan, P. Chan, H. 
Nussbaun, H. silbert, A. Rao. 


Erythrocyte Polyamin2 Determinations in Head and Neck 
Cancer Patients M. Johns, C. Shideler, J. Shipe, M. Wills, 
J. Savory, R. Cantrell. 


Singer-Blom Voice Restoration Procedure. S. Wetmore, M. 
Johns, S. Baker 


Selective Myotomy fr Voice Rehabilitation After Total Laryn- 
gectomy. M. Siager, E. Blom. 


Retropharyng2al Imolentable Voice Box for Vocal Restoration. 
J. Fredriekson, G. Lafond. 


Contralateral Laryrgoplasty Following Supraglottic Laryngec- 
tomy with Vertical Extension. W. Friedman, G. Katsanto- 
nis. 


Immediate Reconstraction of Mandibular Defects with a Com- 
posite Sternocl-idomastoid Musculo-clavicular Graft. D. 
Barnes, E. Ossc#f, G. Sisson, B. Pecaro. 


Pectoralis Maor Myocutaneous Flap for a Single Stage Recon- 
struction Following Laryngopharyngectomy. R. Hayden, T. 
Briant, Db). Brye. 


Comparative Study of Conservation vs. Resection and 
Reconstraction of the Mandible. P. Caracciolo. 


Pharyngoesopnageal Reconstruction with Gastric Transposition. 
M. Bains, R. Spiro, J. Shah, E. Strong. 


Surgical Treetment of Recurrent Benign Mixed Tumors. R. 
Piorkowski, O. Guillamondegui. 


New Technique for Vide-field Exposure of the Base of the Skull. 
H. Biller J. Shagar, Y. Krespi. 


Prospects for Improved Survival in Head and Neck Cancer Using 
a Kinetically Based Adjuvant Chemotherapy Protocol. H. 
Shaw, V- Dalle, B. Hill, L. Price. 


Cisplatinum Therapy of Adenoid Cystic Carcinoma. V. Schramm, 
C. Schrodes, E Myers. 


Radiotherapy for Melanomas of the Head and Neck. A. Har- 
wood, V Lawson. 


Cis-Platinum and 5- “luorouracil as Initial Therapy for Advanced 
Epidermoid Cancer of the Head and Neck. A. Weaver, S. 
Flemming, H. /andenberg, M. Al-Sarraf. 


Society of Head amd Neck Surgeons: The Hayes Martin Lec- 
ture. Dr. Richa d Jesse. 
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Preoperative CIS-Platinum (DDP) and Bleomycin (BLM) in Pa- 
tients with Head and Neck Squamous Carcinoma (HNSCC): 
Prognostic Factors for Tumor Response: The Head and Neck 
Contracts Program. S. Baker, R. Makuch, G. Wolf. 


Preoperative Chemo-radiotherapy for Advanced Head and Neck 
Cancer. N. Pearlman, A. Meyers, F. Johnson, N. DiBella. 


Comparative Study of Complications Following Planned Post- 
operative and Pre-operative Radiation Therapy in Head and 
Neck Cancer. R. Mantravadi, E. Skolnik, E. Applebaum. 


Panel: Reconstruction in Head and Neck Cancer Surgery. Dr. M. 
Jurkiewicz (Moderator), Dr. J. Fredrickson, Dr. W. Panje, 
Dr. S. Ariyan. 


Carcinoma of the Base of Tongue. M. Razack, K. Sako, J. Patel. 


Management of Advanced Carcinoma of the Tongue by Total 
Glossectomy Without Laryngectomy. M. Effron, J. Johnson, 
E. Myers, H. Curtin, O. Beery, B. Sigler. 


Survival Rate of 100 Patients with Carcinoma of Floor of Mouth 
Treated by Monobloc Resection. R. Barton. 


Epidermoid Carcinoma of the Palate. J. Evans, J. Shah. 


Role of Initial Modality in Treatment of Squamous Cell Carci- 
noma of the Tongue. M. Razack, K. Sako, J. Patel. 


Esthesioneuroblastoma. J. Shah, J. Feghali. 


Management of Carotid Body Tumors with Special Reference to 
Vascular Problems. I. Rosen, J. Palmer, W. Lougheed, M. 
Goldberg, R. Mustard. 


Auricular Malignancies: When is Chemosurgery (Mohs’ Tech- 
nique) Necessary? R. Bumsted, R. Ceilley, R. Crumley. 


Role of Parotidectomy for Skin Cancer of the Head and Neck. G. 
Jackson, A. Ballantyne. 


Regional Lymph Node Management and Outcome in 100 Head 
and Neck Melanoma Patients. R. Olson, J. Woods, E. Soule. 


Thyroid Cancer — Some Basic Considerations. H. Wanebo, W. 
Andrew. 


Locally Invasive Well Differentiated Carcinoma of the Thyroid. 
H. Cody, J. Shah. 


Pre-operative Selective Venous Catheterization — A Basis for 
Conservative Parathyroidectomy. E. Shannon, Y. Rapoport, 
D. Ayalon, H. Miller. 


Parathyroid Autotransplantation in Parathyroid Disease and in 
Total Thyroidectomies: Indications in 100 Cases. A. Katz. 


Association of Fibrous Tumors of the Facial Skeleton with Hy- 
perparathyroidism — New Clinical Syndrome. I. Rosen, J. 
Palmer. 


Sarcoidosis, Hypercalcemia and Primary Hyperparathyroidism: 
The Vicissitudes of Diagnosis. V. Schweitzer, R. Nishiyama, 
N. Thompson. 


ACADEMIC POSITION IN OTOLARYNGOLOGY 


East Tennessee State University 


Teaching, clinical practice, research 
at 
College of Medicine, Practice Center 
and 
Veterans Administration 


Review of applications will begin December 1980 and will continue until the position is 


filled. 


Applications with a currect curricalum vitae should be sent to: Floyd B. Goffin, MD, 
Professor and Director, Division af Otolaryngology, ETSU College of Medicine, Box 
19, 750A, Johnson City, TN 37601. 


ETSU is an Equal Opportunity Affirmative Action Employer. 









JOINT CENTER FOR OTOLARYNGOLOGY 


Beth Israel Hospital — Brigham and Women’s Hospital 
Harvard Medical School 


announces 


THE LARYNX — A SYMPOSIUM 
June 1-3, 1981 
Hyatt Regency, Cambridge, Mass. 
Course Director: Marvin P. Fried, MD 


This course is designed to update concepts and management in the broad range of laryngeal disorders 
from the most recent in basic physiology *o the latest in treatment. Instruction will be via formal presen- 
tation, open question forums and detailed case analysis. 
























FACULTY 
Bernard Berman Max Goodman Ben Pilch 
Hugh Biller Gerald Healy Kenneth Rothman 
Beverly Blazar James Kelly Harold Schuknecht 
Gilbert Brodsky Frederick Mandell Marshall Strome 
Blake Cady Trevor McGill Harvey Tucker 
Thomas Ervin Samuel Meller H. Richard Tyler 
Richard Fabian Daniel Miller C. C. Wang 
Peter Feudo Eugene Myers Alfred Weber 
Marvin Fried William Montgomery Louis Weinstein 







Fee: $270; Residents $150 


For more information, contact: Harvard Medical School, Department of Continuing Education, 
Boston, MA 02115, (617) 732-1525. 
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Tne Department of Otolaryngology, University of Minnesota Medical School Announces 


Third Annual A three-day state of the art re- 
° view for otolaryngologists, otol- 

I nternationa | ogists, and audiologists on diag- 
° nosis, treatment and pathophys- 

Sympos LUM iology of Meniere’s Disease, 
Sensorineural Hearing Loss, 
Chronic Otitis Media, Verti- 
go, and Tympanosclerosis, 
and updates on Hearing Aids, 


September 3-5, 1981 Auditory Brain Stem Response, 
Radisson South Hotel Tympanometry, Radiology, and 
Minneapolis, Minnesota Cochlear Implants. 


on Clinical Otology 





National and International speakers, among others include: 


John H. Anderson, PhD, MD, Minneapolis Earl R. Harford, PhD, Minneapolis Charles M. Luetje, II, MD, Kansas City, MO 
Charles D. Bluestone, MD, Pittsburgh Lee A. Harker, MD, Iowa City Brian F. McCabe, MD, Iowa City 

Thomas A. Christiansen, MD, Minneapolis Albert Hohmann, MD, St. Paul William L. Meverhoff, MD, Minneapolis 
Arndt J. Duvall, II , MD, Minneapolis John S. Huff, MD, Minneapolis Professor Tauno Palva, Haartmanink, Finland 
Professor Dr. U. Fiseh, Zurich, Switzerland Professor L. B. W. Jongkees, Sr., Michael M. Paparella, MD, Minneapolis 
Victor Goodhill, MO, Beverly Hills Amsterdam, Netherlands Maurice Schiff, MD, La Jolla 

Marcos V. Goycool-a, MD, Santiago, Chile Richard Latchaw, MD, Pittsburgh James L. Sheehy, MD, Los Angeles 


David J. Lim, MD, Columbus, OH 


For ferther information, please contact: Office of Continuing Medical Education, c/o International Symposium 
Bex 293, Mayo Memorial Building, 420 Delaware Street, S.E., Minneapolis, MN 55455, (612) 373-8012 


Equal Educational Opportunity 


NORTHWEST ACADEMY 


OTOLARYNGOLOGIST of 
WANTED OTOLARYNGOLOGY 


and 
HEAD AND NECK SURGERY 


Board certified/eligible Otolaryngologist 
wanted for a well established Group with four A ‘Wak 
offices in the Dallas Metroplex area. Practice nnual Meeting 


includes all aspects of General Otolaryngol- May 22-23, 1981 
ogy, Allergy, Head and Neck Surgery and Washington Athletic Club 
Facial Plastic Surgery. Seattle, Washington 


Well-equipped office facilities include: 
Allergy, Audiology, X-ray, and Speech 
Therapy departments. Officers 
Alvin Novack, MD 


President 


Contact: John D. Seifert, MD, President, Oto- 
laryngology Consultants, P.A., 1521 North- Ted Cook, MD 


west Highway, Garland, TX 75041 A73 Secretarv-Treasurer 


C. Thomas Yarington, Jr., MD 


Program Chairman 





THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
OF THE MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


Announces Postgraduate Courses 


RHINOPLASTY AND OTOPLASTY 


(Cosponsored with the American Academy of 
Facial Plastic and Reconstructive Surgery, Inc.) 


June 14-18, 1981. 


Sidney S. Feuerstein, MD, Course Director; S. James 
Baum, MD, Samuel M. Bloom, MD, Sau! Hoffman, 
MD, William Lawson, MD, DDS, Frank E. Lucente, 
MD, Sigmund Sattenspiel, MD, and Guest Faculty: John 
Conley, MD, New York, NY, Irvin Fine, MD, Perth Am- 
boy, NJ, Mark Krugman, MD, Irvine, CA, E. Gaylon 
McCullough, MD, Birmingham, AL, Lionello Ponti, 
MD, Rome, Italy, Robert Simons, MD, Miami, FL, Ho- 
ward Smith, MD, DDS, New Haven, CT, Richard C. 
Webster, MD, Melrose, MA. 


Fee: $600. 


Sunday through Thursday, 9 AM - 6 PM 
(5 Sessions). 


This course covers the basic principles of rhinoplasty 
including reconstructive surgery of the nasal septum and 
otoplasty. Basic lectures on surgery of the nasal tip will 
be thoroughly reviewed and discussed. Laboratory dis- 
section on fresh cadavers will be coordinated with the 
lectures in addition to daily live and taped televised sur- 
gery. Anatomy, physiology, pathology, diagnosis, plan- 
ning and evaluation in rhinoplasty will be thoroughly re- 
viewed. Management of the nasal septum with and 
without rhinoplasty will be presented. Correction of 
nasa! deformities including thorough discussion of com- 
ponent parts and their relation to every other part with 
special emphasis on the nasal tip and nostrils. splinting, 
correction of accompanying chin deformities, use of 
grafts for restoration of contour, plastic surgery in chil- 
dren and psychiatric aspects will be reviewed. Manage- 
ment of nasal deformities associated with cleft palate 
and cleft lip will be presented. 


The technique and latest concepts developed in rhino- 
plasty will be discussed and taught including the preven- 
tion and correction of rhinoplasty sequellae. The impor- 
tance of surgical judgment, proper association of the 
aesthetic and physiological requirements and methods of 
improvisation will be stressed. Lectures on otoplasty will 
deal with etiology, pathology and surgery of deformities 
of the auricle secondary to errors in shape, size and posi- 
tion. 


Cadaver dissection available for each student. 
AMA Category I — 40 hours. 


FACIAL PLASTIC SURGERY 


(Cosponsored with the American Academy of 
Facial Plastic and Reconstructive Surgery, Inc.) 


June 19 - 20, 1981 


William Lawson, MD, DDS, Course Director; Jacob 
S. Aronoff, MD, Sidney S. Feuerstein, MD, and Guest 
Faculty: John Conley, MD, New York, NY, William H. 
Friedman, MD, St. Louis, MO, Richard C. Webster, 
MD, Melrose, MA. 


Fee: $300 
Friday and Saturday, 9 AM - 6 PM (2 Sessions) 


This course will cover the facelift procedure. It will in- 
clude lectures on case selection, regional anatomy, oper- 
ative technique, complications and results. Attention 
will also be given to ancillary procedures for the aging 
face. Cadaver dissection and surgical demonstrations 
will be utilized. 


AMA Category I — 14 hours 


COSMETIC SURGERY OF THE AGING EYE 


(Cosponsored with the American Academy of 
Facial Plastic and Reconstructive Surgery, Inc.) 


June 22 - 23, 1981 


Morris Feldstein, MD, Course Director; Ira Eliasoph, 
MD, Sidney S. Feuerstein, MD, Virginia Lubkin, MD, 
and Guest Faculty: Jack R. Anderson, MD, New Or- 
leans, LA, Norman Orentreich, MD. New York, NY, 
David B. Soll, MD, Philadelphia, PA, Richard C. 
Webster, MD, Melrose, MA. 


Fee: $300 
Monday and Tuesday, 9 AM - 5 PM (2 Sessions) 


The course is designed for those surgeons who have 
had some experience in this field and wish more exhaus- 
tive and detailed instruction in cosmetic surgery as it ap- 
plies to the eye. In addition to lectures and films, a 
seminar fermat will be employed so that each partici- 
pant will be able to resolve his particular difficulties in 
group disscussions. 


Cadavers for surgery will be provided. 


Admission only after correspondence with the Direc- 
tor of The Page and William Black Post-Graduate School 
of Medicine. 


AMA Category I — 14 hours. 


As an organization accredited for continuing medical education, The Page and William Black Post-Graduate School 
of Medicine of the Mount Sinai School of Medicine (CUNY) certifies that these continuing medical education offer- 
ings meet the criteria, hour for hour, for Category I credit of the Physician’s Recognition Award of the American 
Medical Association, provided they are used and completed as designed. 


Apply to: Director, The Page and William Black Post-Graduate School of Medicine, Mount Sinai School of 
Medicine, One Gustave L. Levy Place, New Yerk, NY 10029,(212) 650-6737. A73 
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Great Moments in Space... 


“Houston, Tranquility Base 
here. The Eagle has landed.” 





When America landed on the moon... On July 
20, 1969, Astronauts Neil A. Armstrong and Edwin “Buzz” Aldrin, Jr. 
fulfilled a dream man has had for centuries. indeed, the Eagle had 
landed. 

Captivated, a world-wide audience watched in awe as Astronaut 
Armstrong stepped onto the moon and into history with the state- 
ment “That's one small step for a man, one Giant leap for mankind.” 
Minutes later Armstrong and Aldrin planted the American flag on the 
moon's surface, set up equipment for future experiments, recorded 
each other's historic steps on film, and scooped up 21 kg (46 lbs).of 
rock and soil samples. 

The men of NASA had realized an age-eld dream by conquer- 
ing another space frontier. 


Actifed was there! Since the first manned Apollo flight in 
1968, Actifed has been the decongestant/antihistamine of choice for 
NASAS astronauts. The reason? Actifed works! 

In fact, during five Apollo missions, astranauts took Actifed for 
symptomatic relief of colds* and nasal congestion.! Actifed did its 
job... and the astronauts went on to do theirs. 

Because of its successful record in space, Actifed is scheduled 
to be aboard the upcoming Space Shuttle. The 1980s mark the be- 
ginning of a new era in aerospace research ... and Actifed will be 
there! 


“This product has been evaluated as “lacking substantial evidence efeffectiveness as a fixed com- 
bination” for this indication. Please see prescribing information. 

tThis product has been evaluated as “probably” effective for this indication. Please see prescribing 
information. 


1. Astronaut Neil A. Armstrong taking his historic first ste ps on the moon 2. Apollo 
7 — the first manned Apollo space mission 3. Skylab — the first American home 
269 miles above earth 4. Blastoff — Cape Canaveral. Florida 


For symptomatic relief of winter cold symptoms” 
(and year-round allergic rhinitis) T 


ACTIFE 


Tablets/Syrup 


Each scored tablet contains ACTIDIL” (triprolidine HC)¥2.5 mg, SUDAFED' 
(pseudoephedrine HCI) 60 mg. Each 5 cc teaspoonful of syrup contains ACTIDIL” 1.25 mg 
and SUDAFED"” 30 mg. | 








Burroughs Wellcome Co. q See brief summary of prescribing information on rtext page. 
Research Triangle Park a 
North Carolina 27709 = 


PR 


Wellcome 








CTIFED 





Tablets/Syrup 


Each scored tablet contains ACTIDIL® (triprolidine HCl) 2.5 mg, SUDAFED’ 
(pseudoephedrine HCI) 60 mg. Each 5 cc teaspoonful of syrup contains ACTIDIL* 
1.25 mg and SUDAFED* 30 mg. 


Part of the NASA Space Medicine Kit since 1968. 
And scheduled aboard the upcoming Space Shuttle Orbiter. 


ACTIFED” Tablets and Syrup 


INDICATIONS: Based on a review tthis drug by the National Academy of Sciences — National Research 
Council and/or other information FDA has classified the indications as follows 

*“Probably” effective: For the symptomatic treatment of seasonal and perennial allergic rhinitis and 
vasomotor rhinitis 

**“Lacking substantial evidence # 2fectiveness as a fixed combination’; For the prophylaxis and treat 
ment of the symptoms associates with the common cold 

Final classification of the less ttm effective indications requires further investigation 









CONTRAINDICATIONS: Contraindica=c 11 newborn or premature infants; in nursing mothers, tor the treatment 
of lower respiratory symptoms incluc ng asthma; in patients hypersensitive to: 1) triprolidine hydrochloride and 
other antihistamines of similar che nical structure; and/or 2) sympathomimetic amines including 
pseudoephedrine: in patients on menoa nine oxidase inhibitor therapy (see Drug Interactions Section) 


WARNINGS: Use with considerablescaution in patients with: increased intraocular pressure (narrow angle 
glaucoma), stenosing peptic ulcer. gyicroduodenal obstruction, symptomatic prostatic hypertrophy. bladder 
neck obstruction, hypertension, diametes mellitus, ischemic heart disease, hyperthyroidisn 


Sympathomimetics may produce ce tral nervous stimulation with convulsion or cardiovascular collapse with 
accompanying hypotension 
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Use in Children: As in adults, the combination of an antihistamine and sympathomimetic amine can elicit 
either mild stimulation or mild sedation in children. In the young child, mild stimulation is the response most 
frequently seen. In infants and children, especially, antihistamine in overdosage may cause hallucination, 
convulsion or death. Large doses of pseudoephedrine are known to cause asthenia, lightheadedness, nausea 
and/or vomiting 


Use in Pregnancy: Experience with this drug is inadequate to determine whether there exists a potential for 
harm to the developing fetus 


Use with CNS Depressants: Iriprolidine has additive effects with alcohol and other CNS depressants (hypnot- 
ics, sedatives. tranquilizers, etc.) 


Use in Activities Requiring Mental Alertness: Patients should be warned about engaging in activities 
requiring mental alertness as driving a car or operating appliances, machinery, etc 


Use in the Elderly (Approximately 60 years or older): Antihistamines are more likely to cause dizziness, 
sedation and hypotension in elderly patients. Overdosages of sympathomimetics in this age group may Cause 
hallucinations, convulsions, CNS depression, and death 


PRECAUTIONS: Use with caution in patients with: history of bronchial asthma, increased intraocular pressure, 
hyperthyroidism, cardiovascular disease, hypertension 


DRUG INTERACTIONS: MAO inhibitors prolong and intensify the anticholinergic (drying) effects of antihis- 
tamines and overall effects of sympathomimetics. Sympathomimetics may reduce the antihypertension effects 
of methyldope, decamylamine, reserpine, and veratrum alkaloids 


ADVERSE REACTIONS: The most frequent adverse reactions are underlined 

1. General: Urticaria, drug rash, anaphylactic shock, photosensitivity, excessive perspiration, chills, dryness of 
mouth. nose and throat 

2. Cardiovascular System: Hypotension. headache, palpitations, tachycardia, extrasystoles 


tinnitus, acute labyrinthitis. hysteria, neuritis, convulsions, CNS depression, hallucination 

5. G.I. System: Epigastric distress, anorexia, nausea, vomiting, diarrhea, constipation 

6. G.U. System: Urinary frequency, difficult urination, urinary retention, early menses 

7. Respiratory System: Thickening of bronchial secretions. tightness of chest and wheezing, nasal stuffiness 


OVERDOSAGE: Overdosage reactions may vary from central nervous system depression to stimulation. Stimula- 
tion is particularly likely in children. Atropine-like signs and symptoms: dry mouth; fixed, dilated 
pupils: flushing: and gastrointestinal symptoms may also occur 


If vomiting has not occurred spontaneously the patient should be induced to vomit. Precau- 
tions against aspiration must be taken, especially in infants and children. If vomiting is 

unsuccessful gastric lavage is indicated within 3 hours after ingestion and even later if 
large amounts of milk or cream were given beforehand. Isotonic and Y2 isotonic saline Is 
the lavage solution of choice 





Saline cathartics, as milk of magnesia, draw water by osmosis into the bowel and therefore, 
are valuable for their action in rapid dilution of bowel content. Stimulants should not be used 
Vasopressors may be used to treat hypotension 


DOSAGE AND ADMINISTRATION: Dosage should be individualized according to the needs and the 


response of the patient 
Syrup 
Tablets teaspoonfuls (5 cc 
Adults and children 12 years and older 


Children 6 to 12 years 1% 3—4 
me: 
Children 4 to 6 years i -= 4 


Usual Dose: 





















Children 2 to 4 years day 


Children 4 months to 2 years 
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HOW SUPPLIED: 

Actifed® Tablets — Bottles of 100 and 1000; unit dose pack of 100 
Actifed® Syrup — Bottles of 1 pint and 1 gallon 

Unit of Use 


Tablets — Bottles of 30 and 100 with child-resistant cap 
Syrup — 4 oz. bottle with child-resistant cap 


Burroughs Wellcome Co. 


hea’ Research Triangle Park 


Wellcome! North Carolina 27709 


UNIVERSITY OF WASHINGTON 


Department of Otolaryngology — Head and Neck Surgery 
and the 
Continuing Medical Education Department 
in conjunction with 
Seafair — Seattle’s Summer Festival 
offer a symposium 


GREAT DEBATES IN OTOLARYNGOLOGY 1981 
August 6-8, 1981 


Guest Faculty: Robin Cotton, MD; Richard Goode, MD: Brian F. McCabe, MD; Eugene Myers, MD; 
Harold F. Schuknecht, MD; Harvey Tucker, MD; and Paul Ward, MD; plus Faculty 
from University of Washington. 


Program Director: Charles W. Cummings, MD 
Professor and Chairman, Otolaryngology 
University of Washington School of Medicine 


A panel format will highlight contemporary solutions to difficult diagnostic and management problems. 
For further information contact: Contimuing Medical Education, SC - 50, University of Washington, 


Seattle, WA 98195, (206) 543-1050. 


A69 





FELLOWSHIP INTERNATIONAL RHINOLOGIC SOCIETY 
POSTGRADUATE COURSE IN 
FUNCTIONAL SURGERY OF THE 
SEPTUM AND EXTERNAL 
NASAL SURGERY 


HEAD AND NECK SURGERY 


University of Iowa 
Department of Otolaryngology and 
Maxillofacial Surgery 
Division of Head and Neck Surgery 


Motto: “The Extraordinary Role of the Nose 
in Health and Disease” 


June 16-19, 1981 


One-year fellowship is being offered Hilton Budapest Hotel, Budapest, Hungary 
consisting of active involvement in the 
management of all aspects of on- 
cologic, plastic and reconstructive 
surgery of the head and neck. Teach- 
ing and research are also required. 
Must be able to obtain an Iowa medi- 
cal license. 


Course will be held in English; Discussion Groups in 
English, German, French, Japanese, Russian and Eastern 
European languages. 


Registration Fee: Before April 1, 1981 — $300 U.S. After 
April 1, 1981 — $400 U.S. Make check payable to: Inter- 
national Rhinologic Society — 1981. Registration will be 
limited to 150 participants. 


Apply to: G. H. Drumheller, MD, 1515 Pacific Avenue, 
Everett, WA 98201 USA. 


Reservations at the Budapest Hilton Hotel are to be made 
directly to the hotel by the applicant. 


Contact: William R. Panje, MD. De- 
partment of Otolaryngology and Max- 
illofacial Surgery, University of Iowa, 
Iowa City, IA 52240, (319) 356-2166. 


Scholarships: Limited scholarships are available of $150 
U.S. 


Direct inquiries to: Dr. med. Z. Krajina, Klinika za Bolesti 
Uha, Nosa I GRLA, Medicinskog Fakulteta Sveucilista, 
Zagreb, Salata 4, Yugoslavia. A63 
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“Sticks and stones are 
hard as bones, 
Aimed with angry art, 
Words can sting 
like anything, 
But silence breaks 
the heart.” 


PHYLLIS MCGINLEY 1954 
AMERICAN POETESS 
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maat Box 9457, Minneapolis, Minnesota 55440 Wats: 800-328-8602 









AUDITORY EVOKED 
POTENTIALS 


Workshop in practical clinical applications 
of iaa by ac oa and Brainstem 
Audiometry 
Sponsored by 
The Methodist Hospital and the Institutes of Gto- 
rhinolaryngology and Communicative Disorders, 
and Neurology, The Neurosensory Center of 

Houston. 

May 30 - June 1, 1981 
This three-day course is designed to familiarize the 
physician and audiologist with clinical applications 
of the “early” auditory evoked potentials. Back- 
ground information on the “middle” and “late” 
potentials and on cochlear potentials is also in- 
cluded. The course relies heavily on tutorials and 
workshops to familiarize the participant with in- 
strument operation, response measurement and in- 
terpretation of test results. 
A course syllabus will be distributed to each partici- 
pant prior to enrollment. 

Course Instructors: 


Alfred C. Coats, MD 
James F. Jerger, PhD, and Staff 


Tuition: $325. Enrollment limited 
Address inquiries to: Alfred C. Coats, MD, Cochlear 
Function Laboratory, The Neurosensory Center of 


Houston, 6565 Fannin, Houston, TX 77030, (713) 
790-5925. A66 


THE 
DEPARTMENT OF OTOLARYNGOLOGY 
AND 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF 
MEDICINE 
OF THE 
MOUNT SINAI SCHOOL 
OF MEDICINE (CUNY) 


Announce a Postgraduate Course 


SOFT TISSUE SURGERY 


(Co-sponsored with the American Academy of Faeial 
Plastic and Reconstructive Surgery, Inc.) 
Under the Direction of 
William Lawson, MD, DDS 


Sidney S. Feuerstein, MD, with Mount Sina: School 
of Medicine Faculty and Guest Faculty 
April 4-5, 1981 
Saturday and Sunday, 9 AM - 6 PM 


This two-day workshop will deal with basic principles and 
concepts of soft tissue surgery and their clinical applica- 
tions. The course will seat A lectures, panel discussions 
and laboratory dissections. 


FEE: $200, House Staff: $100 


This course will be given at the Mount Sinai Medical 
Center, New York, NY. 


Apply to: Director, The Page and William Black 
Postgraduate School of Medicine, Mount Sinai School of 
Medicine, One Gustave L. Levy Place, New York, NY 
10029, (212) 650-6737. A68 
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dependable 
decongestant 


ORNADE 


Each Spansule® capsule contains 8 mg. chlorpheniramine maleate, 50 mg ahenylpropanolamine HCI, 





and isopropamide iodide equivalent to 2.5 mg. isepronamide. 


Seldom causes drowsiness 


(3% in controlled studies) 


seldom causes excessive dryness 


(6% in controlled studies) 


Before prescribing, see complete prescribing information 
in SK&F literature or PDR. The following is a brief summary. 


Indications 

Based on a review of this drug by the National Academy 
of Sciences—National Research Council and/or other 
information, FDA has classified the indications as fo! lows: 
Possibly effective: For relief of upper respiratory tract 
congestion and hypersecretion associated with vasc- 
motor rhinitis and allergic rhinitis, and for prolonged 


relief. 


Lacking in substantial evidence of effectiveness: For 
relief of nasal congestion and hypersecretion associated 
with the common cold and sinusitis. 


Final classification of the less-than-effective indications 
requires further investigation. 





Contraindications: Hypersensitivity to any component: 
concurrent MAO inhibitor therapy; severe hypertension: 
bronchial asthma; coronary artery disease; stenosing peptic 
ulcer; pyloroduodenal or bladder neck obstruction. Children 
under 6. 


Warnings: Caution patients about activities requiring aert- 
ness (e.g., operating vehicles or machinery). Warn patients 


SIKSF 


a SmithKline company 


© Smith Kline &French Laboratories, 1980 


of possible additive effects with alcohol and other CNS 
depressants 


Usage in Pregnancy: In pregnancy, nursing mothers and 
women who night bear children, weigh potential benefits 
against hazards. Inhibition of lactation may occur. 


Effect on PB! Determination and I'*' Uptake: |sopropamide 
iodide may after PBI test results and will suppress l'3 uptake. 
Substitute thyroid tests unaffected by exogenous iodides. 


Precautions: Use cautiously in persons with cardiovascular 
disease, glaucoma, prostatic hypertrophy, hyperthyroidism. 


Adverse Reactions: Drowsiness, excessive dryness of nose, 
throat or mouth; nervousness; or insomnia. Also, nausea, 
vomiting, epigastric distress, diarrhea, rash, dizziness, 
weakness, chest tightness, angina pain, abdominal pain, 
irritability, p&pitation, headache, incoordination, tremor, 
dysuria, difficulty in urination, thrombocytopenia, leukopenia, 
convulsions, hypertension, hypotension, anorexia, constipa- 
tion, visual disturbances, iodine toxicity (acne, parotitis). 


Supplied: Bottles of 50 and 500 capsules; in Single Unit 
Packages of 100 (intended for institutional use only). 


Smith Kline-fFrench Laboratories 
Philadelphia. Pa. 
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patient's condition 
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THE ANNALS OF OTOLOGY, RHINOLOGY & LARYNGOLOGY 


ANNALS OF HEAD AND NECK MEDICINE & SURGERY 


SECOND LOUIS H. CLERF LECTURE 


VESTIBULAR NEURITIS 


HAROLD F. SCHUKNECHT, MD 


KEN KITAMURA, MD 


Boston, MASSACHUSETESS 


Vestibular neuritis is a discrete degenerative neuropathy of the vestibular werve trunks. The clinical manifestations consist of one or 
more severe prolonged episodes of vertigo, sometimes in asSciation with milder periodic or constant unsteadiness. The atrophic changes in 
the vestibular nerves are usually sufficiently severe to create vestibular test abnormalities. The clinical and pathological features are consis- 


tent with a viral etiology. 


The purpose of this paper is to piece together the 
existing knowledge of a particular disorder cf the 
vestibular system which is known by various terms, 
the most common of which are vestibular n=uro- 
nitis, vestibular neuritis, and epidemic vertigo. In 
1909 Ruttin' provided the first clinical description 
of the disorder, characterizing it as a sudden tnilat- 
eral loss of vestibular function without aucitory 
symptoms, occurring in an otherwise healthy pa- 
tient. Fifteen years later Nylen? described an iden- 
tical case and subsequently many clinical reports of 
large series of cases have appeared in the litereture. 


The authors of these reports generally agree that 
this disease, which we will refer to as vestinular 
neuritis, is a disorder of the vestibular system 
without an associated auditory deficit or ther 
disease of the CNS. There is some disagreement, 
however, as to whether the diagnosis is tenable 
when there are recurring episodes of vertigo @: pro- 
longed dysequilibrium. Hallpike’ and later Dix and 
Hallpike* preferred the broader definition and in- 
cluded cases with either single or multiple attacks of 
vertigo, and reported that of 100 cases studied 47 
had bilateral canal paresis and 53 had unilateral ca- 
nal paresis. Harrison® studied 67 patients coniorm- 
ing to the description of Dix and Hal pike and 
found that in 29 of them the attacks of vertigo were 
repeated over periods of time up to seven yeers. A 
more restricted diagnostic criterion limited to a 
single severe attack of vertigo with subsequen™ per- 
manent unilateral deficit in caloric response was 
preferred by Aschan and Stahle‘ and others.” * 


We have examined the histological preparations 
of the temporal bones of four subjects whose clinical 
course and pathological findings we believe are 
compatible with the diagnosis of vestibular neuritis. 
Each showed deficits in the population of peripher- 
al vestibular nerve fibers. The medical histories in- 
dicate that the broader concept of the term vestibu- 
lar neuritis is appropriate. The pathological changes 
are similar to those occurring in herpes zoster infec- 
tion of the vestibular system,’ which suggests that 


vestibular neuritis may also be attributed to a viral 
etiology. 


CLINICAL MANIFESTATIONS 


On the basis of personal clinical experience and a 
review of the literature it seems quite clear that 
there are single-attack and multiple-attack forms of 
vestibular neuritis. The evidence suggests that the 
disease may affect one or both ears and may involve 
them concurrently or sequentially. The degree of 
chronicity may be determined in part by the magni- 
tude of cell death (atrophy) of vestibular neurons 
causec by the attacks. For example, if an attack of 
neuritis causes total atrophy of a particular vestibu- 
lar nerve there would be no further capability for 
that nerve to cause vertigo. On the other hand, if an 
attack caused only partial atrophy of a vestibular 
nerve. or caused a physiological interruption of 
function of the nerve with subsequent recovery, it 
would be possible for further episodes of vestibular 
paralysis to be attributable to that nerve. In this 
regard Aschan and Stahle® have found that after an 
attack of vertigo some involved ears may subse- 
quently exhibit recovery of depressed caloric sen- 
sitivity. 


The occurrence of a single acute severe attack of 
vertige without associated involvement of the audi- 
tory mechanism or CNS has been well documented 
in the Literature. It has been variously referred to as 
epidemic vertigo®'?"'* neurolabyrinthitis epi- 
demica,'® acute labyrinthitis,'”''* vestibular paraly- 
sis, and vestibular neuronitis.? The onset is sudden, 
often eccurs during the night, and usually is severe 
enoug’ to cause nausea and vomiting. In contradis- 
tinction to Meniére’s disease, the vertigo is pro- 
longed and subsides gradually over a period of days 
or weeks, as would be expected for a disease causing 
death of vestibular neurons. Coates,’ after studying 
a large number of patients with vestibular symp- 
toms, evolved the following diagnostic criteria for 
this disorder which he termed vestibular neuronitis: 
l) an acute unilateral peripheral vestibular disorder - 


RKA 
From the Harvard Medical School and the Department cf Otelaryngology, Massachusetts Eye and Ear Infirmary, Boston. This study was supported-by a 


research grant from the National Institutes of Health, Public Health Service, NINCDS NS05881. 
Presented at the Department of Otolaryngology, Jefferson Medical College of Thomas Jefferson University, Philadelphia, Pennsylvania, May 7, 1980. 
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without an associated hearing loss, 2) occurrence 
predominantly ia middle age, 3) a single episode of 
severe prolongec vertigo, 4) decreased caloric re- 
sponse in the in~olved ear, and 5) complete subsi- 
dence of the symtoms within six months. 


Limitation of the diagnosis of vestibular neuritis 
to a single-attac_ disorder seems, however, to be too 
restrictive. Several authors conceive of a more 
chronic form of the disease consisting of recurring 
episodes of dys2quilibrium often associated with 
persistent or int-rmittent unsteadiness. The attacks 
are usually less severe and of shorter duration than 
those of the sing-e-attack form but may recur over a 
period of years. Hallpike’ and later Dix and Hall- 
pike* termed th- condition vestibular neuronitis (a 
term Coates usad for the single-attack form of the 
disease) and decribed the symptomatology as con- 
sisting of “sudden and severe transient seizures ac- 
companied by sensations of blackout.” On the other 
hand they also included under the diagnosis of 
vestibular neuronitis those cases in which there 
were no severe paroxysms of vertigo, and the dyse- 
quilibrium was eharacterized as “feeling top heavy” 
or “off balance,” particularly when walking or 
standing. Dix aad Hallpike,* Pfaltz,'? and Kattum 
and Mundnich”* found a preceding or accompany- 
ing infection of the upper respiratory system in a 
high percentage of patients exhibiting the disorder. 
Stahle?! states that there may be decreased 
vestibular respcnse in one or both ears, or direc- 
tional preponderance. 


Several authors have referred to the epidemic na- 
ture of the disease. An editorial”? referred to the 
condition as epidemic labyrinthitis. The vertigo was 
described as beiag continuous or occurring in waves 
and disappearing in days or weeks. Worster-Drought”’ 
published findir gs of 50 cases of vertigo, some ex- 
hibiting nystagmus, lasting for a few days but 
recurring in some cases. Walford’* reported four 
cases who had contact with cases of influenza in the 
same household Herberts’* described a large series 
of cases associated with upper respiratory infection 
and Dalsgaard-Nielsen”® presented 21 cases all of 
whom had beer in contact with other cases of ver- 
tigo. Pedersen'* described 400 cases occurring in a 
series of epidemics in Denmark. 


CLINICAL CASES 


The followin: medical histories of four patients 
examined in therecent past are compatible with the 
diagnosis of ves ibular neuritis. 


Case 1. At age 34 this male had a left stapedectomy and at age 
39 a right stapedect» my for otosclerosis with closure of the bone- 
air gap in each ear. At age 52, while suffering from the “flu,” he 
experienced the suden onset of severe vertigo with nausea and 
vomiting. The sever= vertigo gradually subsided over a period of 
two weeks but left Fim with a feeling of unsteadiness and vertigo 
when he rolled ove on his right side. Examination revealed a 
spontaneous nystagmus to the left, greatly decreased caloric 
response in the riglt ear and positional vertigo of the benign 


paroxysmal type (cupulolithiasis) in the supine right-ear down 
position. Audiometric tests showed no change from previous re- 
cent tests. Six weeks after the onset of the vertigo he still felt 
unsteady, positional vertigo could not be elicited, and hearing 
was unchanged. 


Comment. This patient exhibited all of the 
diagnostic criteria for right vestibular neuritis: 1) 
an episode of severe prolonged vertigo without au- 
ditory manifestations, 2) spontaneous nystagmus to 
the left, and 3) decreased caloric response in the 
right ear. Additionally he subsequently had posi- 
tional vertigo (right cupulolithiasis) for about one 
month similar to the cases described by Lindsay and 
Hemenway.” The onset occurred while he was suf- 
fering from malaise that he assumed was caused by 
the “flu” and which suggests a probable viral dis- 
order. We doubt a relationship to the otosclerosis or 
stapes surgery. 


Case 2. At the age of 70 this female experienced the sudden 
onset of severe vertigo associated with nausea, vomiting and diar- 
rhea. She was hospitalized for two weeks during which time the 
vertigo gradually subsided. Examination revealed a spontaneous 
nystagmus to the left. All other tests (radiological, blood chem- 
istries, audiological, etc) were reported to be normal. After 
several months she felt well but continued to have mild un- 
steadiness. No vestibular tests were done at that time. Two years 
later at age 72, she experienced another severe attack of vertigo 
with symptoms identical to the first episode. Again the vertigo 
gradually subsided over a period of weeks, but the persisting 
unsteadiness was much more severe than after the first attack of 
vertigo. At no time did she experience auditory symptoms. Calor- 
ic tests done six months after this second attack showed no 
response to ice water in either ear. Polytomographic radiological 
studies of the temporal bones were normal. She complained of 
constant unsteadiness and difficulty walking in the dark, and 
walked with a wide base. Audiometry revealed a mild bilateral 
symmetrical sensorineural hearing loss with flat threshold pat- 
terns and 100% speech discrimination scores characteristic of the 
strial atrophy type of presbycusis. 


Comment. This patient’s vestibular symptoms 
are consistent with the diagnosis of bilateral sequen- 
tial vestibular neuritis, involving first the right ear 
(as evidenced by spontaneous left beating nystag- 
mus) and two years later the left ear. 


Case 3. This female was quite well until the age of 34, when 
during a tennis match she felt unsteady and could not continue. 
She was confined to her home for three months and spent much of 
the time in bed because any head movement caused a sensation of 
vertigo. There were no acute attacks of vertigo and no change in 
hearing during this period. She then began to have episodes of 
vertigo about one minute in duration followed in each instance by 
several days of more severe unsteadiness, occurring at irregular 
intervals of several weeks. Numerous tests by several otologists in- 
cluded audiometry, ENG, radiologic studies, neurologic evalua- 
tion, brainstem evoked response audiometry, etc, and all were 
negative except for demonstrable intermittent ataxia and nystag- 
mus and a bilateral progressive decrease in caloric response. 
Eighteen months after the onset of symptoms she still had occa- 
sional episodes of vertigo, but the unsteadiness was less severe and 
she could even play tennis on some “good” days. She now had a 
mild spontaneous nystagmus to the right, no reaction to ice water 
caloric testing in either ear and walked with a wide base. Hearing 
was normal and her general health was excellent. 


Comment.The symptoms are consistent with the 
diagnosis of chronic bilateral vestibular neuritis. It 
appears that she is experiencing a slowly progressive 
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Fig. 1. (Case 5) Air conduction audiogram at 73 years. 


somewhat episodic bilateral loss of vestibular func- 
tion, and it is reasonable to assume that when and if 
the loss of vestibular function becomes total, the re- 
sultant disability will be less severe. 


Case 4. This female, while enjoying excellent health and nor- 
mal hearing, had single acute severe episodes of vertigo at ages 35, 
41, and 50. Each attack was associated with nausea and vomiting 
and confined her to bed for several days. After each attack she ex- 
perienced ataxia and a sensation of unsteadiness whieh gradually 
subsided over a period of several weeks, after which she again felt 
quite well. Examination three months after the last episode re- 
vealed no nystagmus, no response to ice water caloric test in the 
left ear, normal response to Kobrak minimal test (5 ce, 27 C)-in 
the right ear, normal hearing, and normal polytomographic radi- 
ological studies of the temporal bones. 


Comment. The symptoms and findings are com- 
patible with the diagnosis of acute recurring left 
vestibular neuritis. 


TEMPORAL BONE CASES 


The medical histories and histopathological find- 
ings in the temporal bones of the following four sub- 
jects are compatible with our concept of vestibular 
neuritis. 


Case 5. The medical records indicate that this female first 
learned to walk at the age of two years, had difficulty learning to 
ride a bicycle, exhibited clumsiness and tended to fall frequently. 
She showed some clumsiness throughout life, was left-handed and 
could “mirror write,” but writing was always difficult. She was 
otherwise in good general health. At age 72, she described having 
two episodes of severe dizziness, each lasting two mimutes. At age 
73 while on a cruise ship in rough seas, she fell in her cabin and 
sprained her back, but did not hit her head. For several weeks she 
felt unsteady and had a feeling of fullness in the right ear. Ex- 
amination at that time revealed normal tympanic membranes. 
Air conduction audiometry showed moderate low tone hearing 
losses in both ears and an abrupt high tone loss above 2 kHz in the 
right ear (Fig. 1). One examiner performed the minima! test of 
Kobrak (5 cc at 4.4 C) and found no response in the left ear and a 
normal response in the right ear. One week later another exami- 
ner performed bithermal caloric tests (Hallpike method) and 
recorded normal responses in both ears. 


Neurological evaluation revealed limitation of upward gaze, 
and motor signs which were suggestive of cerebellar and/ør pyra- 
midal lesions, possibly resulting from a birth injury. Motor signs 
noticed by various examiners included walking with a wide base 
with arms held stiffly and partly flexed, a tendency to drep the 
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Fig. 2. (Case 5) Right ear. Audiogram at age 81. TDI - 
Tes:-death interval was 12 years. The black filling in the 
bar graphs shows estimated percent of elements missing as 
a function of distance along the cochlear duct. 


right foot, pronation of feet which are small with high arches, 
weakness of dorsiflexion of the feet and large toes, and a sugges- 
tion of sagging of the muscles of the left side of the face. 


At the age of 74 she had a sudden attack of vertigo associated 
with nausea, vomiting and diarrhea. The room seemed to spin to 
the right. She crawled on her hands and knees to the telephone to 
summon help. Examination revealed spontaneous nystagmus to 
the right. The blood pressure was 180/110 and the pupils were 
small but of equal size. Bithermal caloric tests showed directional 
preponcerance to the right. Ice water caloric tests (5 cc) by 
another examiner revealed in the right ear an arrest of the spon- 
taneous nystagmus for one minute 12 seconds, and in the left ear 
no change in the character of the right beating spontaneous nys- 
tagmus. The vertigo is reported to have subsided in three days; 
however, for years both before and after this episode she com- 
plained of a constant feeling of unsteadiness. 


At the age of 81 she had two episodes in which she suddenly fell 
to the floor with no loss of consciousness and no vestibular or 
auditory sensations. She complained of having intermittent tin- 
nitus in the right ear for several years. Air conduction audiograms 
showed a loss of hearing for high and low tones in the right ear 
and near normal thresholds in the left ear. Speech discrimination 
scores (PB Max, live monitored voice) were 42% on the right and 
64% on the left ear (Figs. 2 and 4). Cold caloric tests (5 cc at 4.4 
C) gave-a response of one minute 49 seconds in the right ear and 
no respense in the left ear. 


At the age of 93 while suffering from multiple system disorders 
she died of cardiac arrest. Autopsy revealed severe generalized 
atheraselerosis. There was a small healed anterior myocardial in- 
farct, but no evidence of ischemic brain disease. Histological 
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Fig. 3. (Case 5) Right ear. A) Midmodiolar section showing loss of cochlear neurons. B) Cochlear duct in the 24 mm 
region showi-g severe atrophy of the organ of Corti and tectorial membrane and partial atrophy of the stria vascularis. 


study of the cerebelEim and brainstem at the neuropathology de- 
partment of the Maæsachusetts General Hospital was reported to 
show multiple areas of perivascular inflammation of the 
brainstem, but no evidence of destruction of nervous tissue. The 
vestibular nuclei ane cerebellum appeared normal. The temporal 
bones were preparec for light microscopic study. 


HISTOPATHOLOGY 


RIGHT EAR. The tympanic membrane and ossicles 
are intact and the middle ear, bony labyrinth, and 
mastoid appear normal. In the basal and apical re- 
gions of the cochlea there is severe atrophy of the 
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Fig. 4. (Case 5) Air conduction audiogram, left ear. Før 
description of graphs see legend Fig. 2. 


organ of Corti and cochlear neurons, and lesser 
atrophy of the stria vascularis. In the 0 to 12 mm 
and 21 to 32 mm regions the organ of Corti is either 
missing or consists of a small mound of undifferen- 
tiated cells. In the middle region of the cochlea (12 
to 21 mm) hair cells are present, and in the 17 to 20 
mm region the organ of Corti is normal. There is a 
loss of at least 50% of the cochlear neurons in the 0 
to 17 mm area and a total loss in the 21 to 32 mm 
area. The neuronal population is near normal in the 
17 to 19 mm regions. The tectorial membrane and 
stria vascularis show mild atrophy in the 0 to 12 mm 
area and severe atrophy in the 22 to 32 mm area. 
Reissner’s membrane appears normal (Fig. 3 A, B). 
The vestibular sense organs appear normal and the 
vestibular nerve bundles as seen in the various cri- 
brose areas appear normal. The vestibular, cochlear 
and facial nerve trunks have been avulsed from the 
internal auditory canal. 


LEFT EAR. The tympanic membrane and ossicles 
are intact and the middle ear, bony labyrinth and 
mastoid appear normal. The medial part of the bas- 
al turn of the cochlea (9.5 to 14.5 mm) has been 
opened and destroyed by the bone saw during re- 
moval of the temporal bone; however, the remain- 
der of the cochlea is well preserved (Fig. 5A). The 
organ of Corti is missing in the basal 4 mm but is 


normal in the remainder of the cochlea. There is a 
loss of about 50% of the cochlear neurons through- 
out the basal 22 mm. The tectorial membrane, 
Reissner’s membrane and stria vascularis are nor- 
mal 


There is a severe loss (90% , estimated) of nerve 
fibers to the macula of the utricle and to the cristae 
of the lateral and superior semicircular canals (Figs. 
5B end 6). This judgment is based on a comparison 
with the opposite ear of nerve fiber densities of the 
peripheral part of the nerve extending from the cri- 
brose areas to the sense organs as seen on routine 
serial sections stained with hematoxylin and eosin. 
It carmot be determined, of course, whether these 
remaining fibers are afferent or efferent types. The 
utrieular and ampullary branches of the anterior 
vestibular artery are patent and appear normal 
(Fig 7). The nerves to the macula of the saccule 
and to the crista of the posterior semicircular canal 
appear to have normal population densities. The 
utricu.ar and saccular maculae and the cristae of all 
three semicircular canals appear normal. 


Deposits of pigment (possibly melanin) are seen 
in the walls of the utricle and ampulla of the pos- 
terior semicircular canal. There are also scattered 
smal. pale basophilic staining bodies having round, 
oval. er irregular shapes lying in both endolym- 
phate and perilymphatic spaces, possibly repre- 
senting staining artifact. 


Camanent. From birth this patient exhibited 
motor deficits such as lateness in learning to walk, 
clumsiness, frequent falling, sensations of unsteadi- 
ness, ewkward gait, weakness of dorsiflexion of 
feet, tendency to drag the right foot, suggestion of 
drooping of left side of face, and intolerance to be- 
ing abroad ship. These signs and symptoms are best 
expla_ned as manifestations of a birth injury to the 
brain. She first experienced vertigo at age 72 and 
continued to complain of dysequilibrium until the 
time øf her death 21 years later at age 93. At the age 
of 74 she experienced a sudden severe episode of 
vertigo with nausea, vomiting and diarrhea with 
the severe symptoms subsiding in three days. Ex- 
amination at that time showed a spontaneous 
nystagmus to the right and diminished caloric 
responses on the left. Seven years later caloric tests 
(5 cc at 4.4 C) revealed a normal response in the 
right ear and no response in the left ear. The 
histolegical findings of degeneration of the superior 
divisicn of the vestibular nerve in the left ear, 
without involvement of the auditory system is com- 
patible with acute vestibular neuritis. 


It is quite clear that degeneration of the organ of 
Corti ‘s responsible for the hearing loss in the op- 
posite (right) ear. The loss of cochlear neurons 
reflects quite accurately the spatial distribution of 
loss of supporting elements in the organ of Corti, 
making it reasonably certain that the loss of 
cochlear neurons is secondary to the lesion. of the 
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Fig 5. (Case 5) Left ear. A) Normal cochlear duct in the 18 mm region. B) Atrophy of the utricular branch of the 
superior divison of the vestibular nerve with normal utricular macula. 


organ of Corti. Tae audiometric configuration of 
threshold losses ‘or high and low tones with better 
hearing for micdle tones was already present 20 
years prior to death. There are no clues in the 
medical record ər on histological study to indicate 
the etiology of his unusual basal-apical lesion. It 
seems improbake that there is an etiological rela- 


tionship between the left vestibular lesion and the 
right cochlear lesion because the former involves 
the neural structures and the latter involves 
primarily the sensory structures. 


Case 6. This female was in good general health all of her life 
and at age 75 was treated for minor nose and throat complaints. 
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Fig. 6. (Case 5) A, B) Photomicrographs showing cristae and nerves of the lateral semicircular canals. There is severe 
atrophy of the left ampullary branch of the vestibular nerve. High pover view of arteries in rectangles are seen in Fig. 7. 


An awliogram at that time revealed a bilateral symmetrical sen- 
sorinearal hearing loss characterized by descending threshold pat- 
terns dig. 8). At the age of 76 she complained of left-sided tin- 
nitus, unsteadiness and a sensation of tilting to the left. She then 
began digitalis therapy for mild cardiac decompensation. Blood 
pressure was 165/95. At age 79, she had a small bowel resection 
for strangulated hernia and received penicillin and streptomycin. 
Streptomycin was given in an initial dosage of 500 mg followed by 
250 m z every six hours given intramuscularly for a total of 6'4 g in 
seven lays. The feeling of constant unsteadiness which was pres- 
ent be ore the streptomycin therapy continued unchanged. At age 
83, she began taking nitroglycerine for angina. At the age of 84 
she hæl a left mastectomy and radiotherapy for a lesion which 
was diagnosed histologically as fibroadenoma. At age 85, she had 
an acıte severe episode of vertigo. The onset occurred without 
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Fig. 7. oe 5) A, B) High power views of areas shown ss 
in rectangles in Fig. 6. The ampullary branches of the an- Fig. 8. (Case 6) Audiogram at age 75 years, 12 years be- 
terior vestibular arteries are normal in both ears (arrows). fore death. 
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Fig. 9. (Case 6 Audiogram at age 86, one year before 
death. 


warning while she was sitting reading. She was thrown to the 
right, felt cold and nauseated, and vomited. She reached her bed 
with difficulty, slept, and awoke the next morning feeling “fine,” 
except for the constant unsteadiness previously noted. Several 
months later audiometry showed a progression of the sensorineu- 
ral hearing loss. Calcic tests with 20 cc of ice water showed no 
response on the right and an active response for two minutes, 30 
seconds on the left. 


At age 86 she underwent extensive otoneurological evaluation 
for continuing dysequilibrium and progressive hearing loss. Audi- 
ometry revealed a biateral sensorineural hearing loss with sym- 
metrical descending hreshold patterns. Speech reception thres- 
holds were 42 dB in tLe right ear and 50 dB in the left ear. Speech 
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discrimination scores were 72% on the right and 80% on the left 
(Fig. 9). Tone decay was tested at 2000 Hz and was negative in 
both ears. Bithermal caloric tests showed no responses on the right 
and normal responses on the left. There was also no response to 5 
cc of ice water in the right ear. There was no spontaneous nystag- 
mus. Positional tests for nystagmus were positive in the supine, 
right ear down position. Facial movements were symmetrical, 
and extraocular motion was full and normal. Corneal sensation 
was bilaterally equal, pinprick sensation was normal in the face 
and limbs, and the ocular fundi were normal. The Rhomberg test 
showed falling to the right. Gait was characterized by short shuf- 
fling steps. Tandem walking showed a tendency to fall to the 
right. Ankle and knee jerks were normal and rapid and alter- 
nating movements of the hands were normal. 


One year later at the age of 87 she died rather suddenly of com- 
plications of coronary atherosclerosis. Autopsy was performed 
nine hours after death and showed cardiac hypertrophy and dila- 
tation, pulmonary edema, bilateral pleural effusions, mural 
thrombi of the atria, and embolic infarcts of brain, spleen, both 
kidneys, and small bowel. The temporal bones were prepared for 
light microscopic study. 


HISTOPATHOLOGY 


RIGHT EAR. There are scattered small tears and dis- 
ruptions of the soft tissue structures as well as of 
bone, and moderately severe postmorten autolysis 
in the form of compression artifact. The middle ear 
and mastoid contain small pools of acidophilic fluid 
with scattered polymorphonuclear leukocytes. The 
tympanic membrane, ossicles, bony labyrinth and 
mastoid are otherwise normal. There is severe 
atrophy of the spiral ligament in the apical half of 
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Fig. 10. A, B) Photomicrographs showing cristae and nerves of the lateral semicircular canals. A) There is severe 
atrophy of theright ampullary branch of the vestibular nerve. High power views of arteries in rectangles are seen in Fig. 12. 
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Fig. 11. (Case 6) Right ear. A) Atrophied crista and fibrous tissue in the perilymphatic space of the superior semicircular 


canal. B) Normal utricular macula and utricular newe. 


the cochlea. Hair cells can be seen throughout the 
organ of Corti. There is a loss of about 50% of the 
neurons in the basal turn of the cochlea. The vestib- 
ular nerve trunks have been avulsed from the inter- 
nal auditory canal. Examination of the nerve bund- 
les in their course from the cribrose areas to the 


sense organs reveals total atrophy of the ampullary 
branch of the superior division of the vestibular 
nerve and severe loss of cellularity of the associated 
cristae of the superior and lateral semicircular 
canals (Figs. 10 and 11A). The cristae consist of pale 
staining stroma with scattered small fibrocytes, and 
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Fig. 12. (Case 6° A. B) High power views of areas shown 
in rectangles in Fw. 10. The ampullary branches of the 
anterior vestibular arteries are normal in both ears (ar- 
rows). 


the sensory epithelia are reduced to a single layer of 
flat undifferentized cells. There is a rupture of the 
ampullary wall of the lateral semicircular canal 
which may be ar artifact of preparation. The peri- 
lymphatic space #f the ampulla of the superior sem- 
icircular canal is dartly obliterated by dense fibrous 
tissue of low cel ularity (Fig. 11A). The utricular 
branch of the superior division of the vestibular 
nerve and the utzicular macula are normal (Fig. 11 
B). The inferior civision of the vestibular nerve and 
its associated sense organs (saccule and crista of the 
posterior semicircular canal) are normal. The am- 
pullary branch of the anterior vestibular artery 
which accompanies the ampullary nerve is patent, 
contains blood eells and appears morphologically 
similar to the same vessel of the opposite ear (Fig. 


12). 


LEFT EAR. The state of preparation artifact and au- 
tolytic change a»e similar to the opposite ear. The 
atrophic changes in the spiral ligament and loss of 
neurons in the tasal turn of the cochlea parallels 
that of the oppo ite ear. The vestibular nerves and 
sense organs appear normal. 


Comment. Ths patient complained of a constant 
sensation of unst2adiness from age 76 until the time 
of her death 11 years later at age 87. She exper- 
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Fig. 13. (Case 7) Audiogram at age 85 years. (Published 
with permission of Archives of Otolaryngology’*) 


ienced one short-lasting episode of severe vertigo 
with vomiting at age 85. Caloric tests which had 
been performed only subsequent to that episode 
showed no response to ice water in the right ear. On 
numerous occasions it was demonstrated that she 
had a tendency to fall to the right. The histological 
finding of degeneration of the ampullary branch of 
the superior division of the vestibular nerve and its 
associated sense organs (cristae of the lateral and 
superior semicircular canals) is compatible with 
right vestibular neuritis with extension to the sense 
organs. 


Case 7. This case, previously reported by Naufal and 
Schuknecht, concerns a female who first discovered she had 
diabetes mellitus at the age of 40. Glycosuria and blood sugar lev- 
els were controlled by dieting until the age of 80 at which time she 
took oral hypoglycemic agents (250 mg of tolbutamide [Orinase®] 
three times each day) until the time of her death at age 86. 


Between the ages of 54 and 85, she experienced a series of acute 
paralytic episodes involving the third, seventh, and eighth cranial 
nerves. The attacks of third cranial nerve palsy occurred at the 
ages of 54, 58, 79, and 81, all on the left side. These were of acute 
onset with total recovery over a period of several months. Attacks 
of facial palsy occurred at the ages of 56 and 80 on the right side 
and at the age of 81 on the left. They were of acute onset with 
complete recovery in six months to one year on each occasion. Se- 
vere episodes of vertigo were recorded at ages 67, 69, and 85. The 
attacks were of acute onset associated with nausea, aggravated by 
head movement, and required bed rest for several days. Dyse- 
quilibrium of mild degree was present for some months following 
each episode but recovery was complete. Although the patient 
had noted a slowly progressive bilateral hearing loss for many 
years, there were no auditory symptoms associated with the at- 
tacks of vertigo. Audiometry at ages 62 and 85 showed bilateral 
symmetrical sensory neural hearing losses exhibiting flat audio- 
metric patterns (Fig. 13). She died at the age of 86 of congestive 
heart failure. 


The temporal bones show almost identical pathological 
changes. The hearing losses may be attributed to atrophy of the 
striae vasculares. Both ears show partial degeneration of the ves- 
tibular nerve fibers and neurons. Counts of the number of gang- 
lion cells in the superior divisions were 3,390 on the right and 
3.700 on the left, which is about 45% of the mean value estab- 
lished for a control group (Fig. 14). The number of ganglion cells 
in the inferior divisions was 9,040 on the right and 7,210 on the 
left which is 88 and 71% respectively of the mean normal value. 
The vestibular sense organs appear normal. The facial nerves ap- 
pear normal. The walls of the arteries of both inner ears appear to 
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Fig. 14. (Case 7) A, B) The superior divisions of the vestibular nerves contain 3,390 Scarpa’s ganglion cells on the right 


and 3,700 on the left (45 % 


be somewhat thickened; however all arteries, including the anter- 
ior vestibular artery and its branches, appear to be patent and 
functional. 


Comment. The most specific major vascular 
change that occurs in diabetes mellitus involves the 
small blood vessels, the arterioles, capillaries, and 


of normal). (Published with permission of Archives of Otolaryngology”*) 


venules. The lumina of the vessels become nar- 
rowed because of hypertrophy and proliferation of 
the intimal endothelium and deposition of lipids. 
The etiology is not known but probably is related to 
excessive deposits of polysaccharides and lipids. 
This type of pathologic process constitutes the ma- 
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jor alteration in the small blood vessels of nerves, 
skin, skeletal muscle, myocardium, kidney, retina, 
and placenta. 


Another major vascular change in diabetes melli- 
tus, though les: specific than the microangio- 
pathies, is arterielosclerosis. It is more common in 
diabetics than in nondiabetics, possibly because of 
the increased ine dence of hypertension in diabetes, 
and thus is not a direct consequence of the metabol- 
ic disorder. It involves the small arteries and 
arterioles throug the body and is characterized by 
intimal fibrosis without endothelial proliferation. 


The third major vascular change in diabetes is 
atherosclerosis. Ht occurs more often in diabetics 
than in nondiabetics and affects the larger blood 
vessels. There is an increased incidence of coronary 
artery disease, cerebrovascular accidents, and pe- 
ripheral vascular disease in diabetics. There is usu- 
ally no endothelial proliferation but the intima be- 
comes thickened and hyalinized. Neuropathies are a 
common occurrence in diabetes mellitus and in- 
volve the centra , peripheral, and autonomic ner- 
vous system. It has been generally assumed that the 
underlying pathc logical changes in the nervous sys- 
tem occurring in subjects with diabetes mellitus are 
related to the associated vascular disease. We be- 
lieve, however, taat there is reasonable doubt that a 
vascular etiology can account for the vestibular 
disease in this petient for the following reasons: 1) 
histological examination shows that the anterior 
vestibular artery and its branches are patent and 2) 
the existence of histologically normal vestibular 
sense organs indicates a functionally adequate 
blood supply. 


Case 8. This male was first examined at the Massachusetts Eye 
and Ear Infirmary at he age of 34 years with a history of bilateral 
suppurative otitis mec ia since childhood. Examination revealed a 
huge aural polyp in tke left ear and infected cholesteatoma in the 
right middle ear. Ro2ntgenograms showed bilateral sclerosis of 
the mastoids. At the age of 55 he related having three attacks of 
dizziness associated with sweating, nausea and vomiting. The 
first attack occurred while he was driving an automobile. He felt 
lightheaded, sweated profusely and felt weak for the rest of the 
day. The second attaek occurred while he was walking to work; 
again the onset of the attack was sudden and he vomited several 
times. The third attack was much like the previous ones but oc- 
curred while he was watching television and again he vomited 
five or six times. He felt much better two hours later. Audiogram 
at the age of 55 revealed bilateral combined sensorineural and 
conductive hearing less. Bone conduction thresholds were of the 
descending type and the bone-air gap was 40 to 50 dB. Examina- 
tion revealed cholesteatoma of both middle ears and granulation 
tissue in the right middle ear. 


Radiological studie: showed underdeveloped mastoids, destruc- 
tion of ossicles on both sides and an enlarged mastoid antrum on 
the left. He was admitted to the hospital for surgery and it was 
discovered that he had diabetes mellitus. A left radical mastoidec- 
tomy was performed and the operation sheet states as follows: 
“The epitympanum was lined by squamous epithelium which was 
open to the external auditory canal — the dura was exposed in 
one area and granulations were removed from it — care was 
taken not to endanger the lateral and superior semicircular canals 
— the facial nerve wes identified and noted to be dehiscent — no 
ossicles were present — the entire middle ear was covered with 
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Fig. 15. (Case 8) Audiogram at age 60 showing a bilat- 
eral combined sensorineural and conductive hearing loss 
characterized by descending threshold patterns. 


squamous epithelium which was carefully elevated from the 
promontory and round window — the posterior canal wall was 
removed to the level of the facial nerve — the patient withstood 
the procedure well and left the operating room in good 
condition.” He was discharged from the hospital one week later 
and the mastoid cavity was skin-grafted two weeks after surgery. 
There is no indication in the hospital record that he experienced 
vertigo in the immediate postoperative period. 


At the age of 60 he again complained of vertigo; he stated that 
one hour after breakfast he became dizzy. He felt that things were 
moving back and forth and he became nauseated and vomited, 
Examination revealed no spontaneous nystagmus or ataxia. The 
left middle ear and mastoid cavity were clean and dry. The right 
tympanic membrane was totally missing and the middle ear was 
lined by skin which extended superiorly into the epitympanum; 
however there was no suppuration. Audiometry showed a bilater- 
al combined sensorineural and conductive hearing loss, slightly 
worse on the left side. Bone conduction thresholds showed a de- 
scending threshold pattern. Discrimination was 60% on the right 
and 52% on the left (Fig. 15). 


The patient stated that he felt as if his vision were blurred if he 
bent over and then stood up and things also seemed to appear 
double at times after this maneuver. He stated that at times he felt 
like he was walking on high ground or like wearing someone else’s 
glasses. He stated that the dizziness is exactly the same sensation as 
when doctors probe his right ear. 


An otoneurological consultation was acquired from Dr. A 
Weiss who reported as follows: 


“The patient has had recurrent episodes of dizziness which he 
describes as a feeling of imbalance and feeling wobbly in the legs. 
Accompanying this is nausea and marked diaphoresis. This may 
last from a half hour to an hour after which he feels very tired. He 
has no tinnitus, change of hearing or fullness in the ears accom- 
panying these attacks. He does not have diplopia. What he calls 
double vision is more accurately described as a blurring of vision 
in that there is no doubling of images. There are no other 
neurologic symptoms accompanying these spells. Examinations 
show full extraocular movements without nystagmus. The fistula 
test is negative bilaterally. Tandem walking, gait and turning 
tests are negative. Positional test shows a type III positional 
nystagmus. Cold air caloric tests with eyes open gave responses of 
81 seconds on the right and 57 seconds on the left. The reduced 
response on the left is confirmed by a right directional 
preponderance on rotation tests. My impression is that the patient 
has vertigo on a labyrinthine basis probably associated with 
bilateral labyrinthine degeneration, perhaps of the type that is 
seen frequently with chronic middle ear disease. I see no 
neurologic basis for this complaint. I see no basis for assuming 
that this represents erosive disease, particularly since vestibular 
testing implicates the left rather than the right ear.” 
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shown 


Radiologic studies show an underdeveloped right mastoid with 
destruction of ossicles and a normal appearing lateral semicircular 
canal, unchanged from the examination of five years previously, 
and a normal appearing left radical mastoid cavity. 


One of us (HFS) concurred with the impression of Dr. Weiss 
and recommended that no surgery be performed on the right ear 
but that it should be cleaned frequently. Subsequently he de- 
veloped an itching discharge from the left ear which was:treated 
with antifungal agents and frequent cleaning with some suceess. 
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Fig. 16. (Case 8) A) Right ear. Lateral semicircular canal showing normal nerve and crista for comparison with left ear 
elow. B) Left ear. Lateral semicircular canal showing severe atrophy of the nerve and partial atrophy of the crista. 


At the age of 68 he complained again of unsteadiness and mild 
nausea. His blood sugar was controlled with diet and small dos- 
ages of insulin. He was wearing a hearing aid in his right ear. At 
age 69, he complained of dizziness, sweating and vomiting which 
subsided in a few days. 


At the age of 70 he suffered a cerebrovascular accident with left 
hemiparesis and aphasia. Otologic examination revealed a puru- 
lent discharge from the right ear with granulations in the attic 
region and an epithelialized middle ear. On the left side there was 
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keratin debris in the middle ear and mastoid. A right brachial 
angiogram revealed lelayed flow through the superior division of 
the right middle cer bral artery with an associated intraluminal 
defect. The findings were considered compatible with embolus. 
Polytomographic reports were as follows: “On the right there is 
increased density of me external auditory canal, tympanic cavity, 
epitympanic recess <nc mastoid antrum. The scutum is eroded 
and ossicles are almest completely destroyed. The aditus and an- 
trum is enlarged. Tae tegmen tympani is intact. There is ade- 
quate coverage of bome about the lateral aspect of the lateral semi- 
circular canal and ccohlea. There is a large bony cavity on the left 
due to radical mastc.dectomy.” 


At the age of 71 1e was admitted to the hospital because of 
severe chest pain. H was diagnosed as having an anterior myo- 
cardial infarction amd died five days later. Both temporal bones 
were removed for hizological study. 


HISTOPATHOLOGY 


RIGHT EAR. The external auditory canal is widened 
by erosion of its walls. Anteriorly there is a 5 mm 
defect of the bory wall near the annulus. Posterior- 
ly there is an ir»egularity of the bony wall charac- 
terized by erosÐns which are filled with fibrous 
tissue. The tympanic fibrous annulus is visible, 
however, and pars tensa is missing. The malleus is 
missing. A remrant of the body of the incus is seen 
fibrosed to the l:teral epitympanic wall and part of 
the short process remains in the fossa incudis. There 
are stumps of the crura of the stapes and the 
footplate is int-ct. The middle ear and epitym- 
panum are linec by a layer of dense fibrous tissue, 
and surface of which is partly covered with squa- 
mous epithelium. Mucous membrane is seen in the 
protympanum end posterior mesotympanum. The 
protympanum È widely patent. The mastoid in- 
cluding the antrum and aditus are totally oblit- 
erated by fibrous tissue, bone, and scattered small 
cystic spaces. 


There is mocerate postmortem autolysis of the 
membranous labyrinth; however, all cell types can 
be readily ident&ied. The hair cell population of the 
cochlea is normal throughout. The stria vascularis 
shows small areas of atrophy near the apex of the 
cochlea. There s a loss of about 50 to 80% of the 
neurons in the basal turn of the cochlea. The saccu- 
lar macula, utricular macula and all cristae appear 
normal and the vestibular nerves appear normal 
(Fig. 16A). The-e are small tears of the membran- 
ous walls of the atricle and saccule. The facial nerve 
is intact, however, it is dehiscent of bone through- 
out a large part «f its intratympanic segment. 


LEFT EAR. There is a large surgically created 
mastoid bowl. The external auditory canal, middle 
ear and mastoid bow! are filled with the keratin- 
fungus mass an the entire area except for the an- 
teroinferior meStympanum is lined with epidermis 
which shows intense infiltration with inflammatory 
cells, ulceration and collection of pus cells beneath 
the overlying debris. There is severe erosion of the 
anterior wall o the external auditory canal with 
total dehiscence of bone anteroinferiorly. There is 


resorption osteitis of the lateral cochlear wall and a 
small bony fistula of the promontory. The adjacent 
spiral ligament shows an intense infiltrate of in- 
flammatory cells and there is total atrophy of the 
organ of Corti in this region of the basal turn. There 
is a thick fibrous membrane bridging and blocking 
the mouth of the eustachian tube. The round win- 
dow niche is obliterated with fibrous tissue and 
cystic spaces. There is partial erosion of the foot- 
plate of the stapes but no invasion of the vestibule. 
There is a surgical lesion of the wall of the lateral 
semicircular canal with fragments of bone slightly 
depressed into the canal lumen. There is mild sur- 
rounding fibrosis without evidence of fistulization 
(Fig. 17A). 


The organ of Corti is degenerated in the basal 10 
mm of the cochlea. There is moderately severe post- 
mortem autolysis of the membranous labyrinth, 
however, all cell types can be identified. There is a 
loss of 50 to 80% of the cochlear neurons in the 
basal turn. The utricular macula and its nerve are 
normal. The saccular macula and nerve are nor- 
mal. There is a partial loss of hair cells in the crista 
of the lateral semicircular canal. The neurons (cell 
bodies and fibers) to the crista of the lateral semicir- 
cular canal are severely atrophied (Figs. 16B, left 
ear, and 17B, left ear). The anterior vestibular 
artery and its branches appear patent and histologi- 
cally similar to the same vessel in the opposite ear. 
The crista as well as the nerve fibers to the superior 
canal appear normal. The posterior canal crista and 
its nerve appear normal. The facial nerve is dehis- 
cent of bone throughout a large part of its intratym- 
panic segment. 


Comment. This patient had bilateral otitis media 
beginning in childhood which continued in chronic 
form throughout his adult lifetime. At age 55 he 
complained of having had three recent episodes of 
severe vertigo with nausea and vomiting. A radical 
mastoidectomy was performed in the left ear. At 
this time he was found to have diabetes mellitus 
which was successfully treated with insulin and 
diet. Throughout the remainder of his life he had 
numerous visits to the ear, nose, and throat clinic 
for cleaning of his ears. On many occasions he com- 
plained of having episodes of mild dysequilibrium, 
sometimes with nausea. 


Audiometry on several occasions revealed a com- 
bined sensorineural and conductive hearing loss, 
worse on the left, and 50 to 60% speech discrimina- 
tion scores. Fistula tests were consistently negative. 
Cold air caloric tests showed responses in both ears 
but somewhat diminished in the left ear. 


Histological studies reveal atrophy of the nerve to 
the crista of the lateral semicircular canal of the left 
ear. The episodic vertigo is most logically attributed 
to this lesion. The question is whether this lesion is 
related to the chronic infection, the surgical insult 
to the lateral semicircular canal or to an unrelated 
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Fig. 17. (Case 8) A) Left ear lateral semicircular canal showing slightly depressed fracture caused by surgery. B) Left 
ear. View showing severe loss of neurons in the superior division of the vestibular nerve and atrophy of the ampullary branch 


of the lateral crista. 


disorder of the nerve trunk. The most reasomable ex- 
planation would seem to be vestibular neuritis, 
unrelated to the infection or the surgical procedure. 
There is no histological evidence of encroachment 
of the infectious inflammatory otitis on the sensory 
or neural structures of the lateral semicircular 
canal. The iatrogenic infracture of the bony wall of 
the lateral semicircular canal is an improbable 


cause for the nerve atrophy for several reasons: 1) 
the vertigo began before the surgery was per- 
formed, 2) there was no vertigo immediately fol- 
lowing surgery indicating minimal vestibular in- 
sult, 3) the sense organ (crista) shows only slight 
atrophic change which would mitigate against “sec- 
ondary” neural degeneration, and 4) both animal 
and haman temporal bone studies show that surgi- 
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Fig. 18. Zase of herpes zoster oticus. (Bone processed by Temporal Bone Laboratory of the University of Chicago) Case 
published by Zajtchuk et al'' and republished with their permission. There is atrophy of ampullary branch of the superior 
division of the vestibular nerve and the lateral canal erista of the left ear. There is fibrous tissue in the perilymphatic space 


similar to our case 6, Fig. 11 A. 


cal fistulization əf the bony semicircular canal does 
not cause neural atrophy. 


DISCUSSION 


The medical Listories and histopathological find- 
ings of cases 5, 3 and 8 are remarkably similar. All 
had protracted dysequilibrium during the latter 
years of life, one for 21 years (case 5) another for 11 
years (case 6) ard the third for 13 years (case 8). All 
three subjects had one or more episodes of vertigo 
which were suff ciently severe to induce nausea and 
vomiting, altho ıgh the duration of dysequilibrium 
related to these attacks was of short duration. All 
subjects had protracted periods of lesser dysequi- 
librium either before or after the single attacks. The 
histories sugges prolonged active phases of their 
diseases rather tnan single insults. All three subjects 
had decreased cold caloric responses in one ear, and 
histopathologic] studies show that each of these 
ears have total atrophy of a branch of the vestibular 
nerve: the superior division in case 5, the ampullary 
branch in case € and the branch to the lateral canal 
only in case 8. “he associated sense organs are nor- 
mal in case 5, severely atrophied in case 6 and par- 
tially atrophied in case 8. 


The patient ia case 7 who had mild diabetes mel- 
litus, experienc-d three discrete severe episodes of 
vertigo at ages 37, 69, and 85. She also had recur- 


ring neuropathies of the third and seventh cranial 
nerves. Histopathological studies of the temporal 
bones show a partial loss of peripheral vestibular 
neurons in both ears, most severe in the superior 
divisions in association with normal vestibular sense 
organs. 


We believe the etiology for the isolated atrophy 
of the vestibular nerves in these cases is viral infec- 
tion rather than vascular occlusion for the following 
reasons: 


1. Histological studies of the temporal bones of 
these four cases show no evidence of occlusive vas- 
cular lesions. The arterial branches of the anterior 
and posterior vestibular arteries which accompany 
the vestibular nerves to the sense organs appear pa- 
tent. 

2. Laboratory studies have shown the improb- 
ability of vascular spasm as a cause for vestibular 
symptoms. It has been shown that neither section of 
the sympathetic trunk at the stellate ganglion, cer- 
vical trunks, or nerves accompanying the vertebral, 
basilar or anterior inferior cerebellar artery has any 
visible effect on blood flow in the stria vascularis.° 
Similarly the intravenous injection of pressor agents 
(adrenaline, noradrenaline) fails to alter the caliber 
of the strial vessels although there is an increase in 
blood flow which parallels the increase in carotid 
blood pressure.*°*’ The arterial supply to the inner 
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Fig. 19. Case of sudden severe prolonged vertiga Published by Lindsay and Hemenway?” and republished with their 
permission. There is atrophy of the superior division of the vestibular nerve and associated sense organs (utricular macula and 


superior and lateral canal cristae). 


ear, like that to the brain, is not subject to wide 
fluctuations in flow for very obvious physiolog cal 
reasons. Stated simply, there are no conditions in 
which the organism can allow permutation of the 
oxygen supply to its CNS; therefore vasomotor con- 
trol of the cerebral vessels (and labyrinthine vessels) 
is minimal. 


3. The pathological findings in cases 5, 6, ard 8 
are similar to those described and illustrated by 
Zajtchuk et al'’ in a case of herpes zoster oticus. 
This patient developed cervical Hodgkin's diseas> at 
age 25 years for which she received 4,000 rads of ra- 
diotherapy. Nine years later she received 2,300 rads 
to the abdomen for an enlarged liver and spleen, 
and during the course of therapy developed herpes 
simplex infection of the lip. Soon thereafter she 
noted mild vertigo and a vesicular eruption on the 
left auricle. Two days later she experienced the 
onset of severe vertigo with nausea and vomiting. 
There was spontaneous nystagmus to the right, and 
normal hearing by auditory tests in both ears. One 
week later vestibular examination showed a contin- 
uing spontaneous nystagmus to the right and no re- 
sponse to ice water caloric in the left ear. Vertigo 
gradually subsided and she left the hospital 16 days 
after the onset of vertigo. Two months later she ap- 
peared to be totally recovered. She died 21 months 
after the attack of herpes zoster oticus. Histological 
study of the temporal bones revealed severe degen- 
eration of the ampullary branch of the superior 
vestibular nerve and atrophy of the crista of =he 


lateral semicircular canal of the left ear. There was 
fibrous tissue and new bone in the perilymphatic 
space sarrounding the ampulla of the lateral canal. 
All other structures were normal (Fig. 18). 


A paper by Lindsay and Hemenway” is of special 
interest. They described a symptom complex, oc- 
curring in nine patients, most of whom were in the 
latter years of life, who experienced the sudden on- 
set of severe vertigo with nausea and vomiting with- 
out evieence of involvement of the auditory organs 
or CNS. The vertigo gradually subsided over a peri- 
od of weeks as would be consistent with an acute 
destruc! ive insult to the vestibular system. A further 
manifestation of the syndrome was the development 
of positional vertigo several weeks following the 
origina! attacks of vertigo and persisting for weeks 
or years. Schuknecht,*?-** has previously suggested 
that the positional vertigo in these cases might be 
caused by the implantation on the cupula of the 
posterior semicircular canal of otoconia released 
from a degenerating utricular macula. Lindsay and 
Hemenway acquired the temporal bones of a pa- 
tient with this syndrome (acute attacks of vertigo 
followed by positional vertigo) and found severe 
atrophy of the superior division of the vestibular 
nerve and associated sense organs (utricular macula 
and cristae of the lateral and superior canals) in one 
ear (Fig. 19). They attributed the disorder to occlu- 
sion of the vessel that supplies the labyrinth but 
made no mention of the histological appearance of 
the arteries. In a previous report of our case 6, we 
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had also attributed the atrophic changes to prob- 
able vascular occlusion; however, further study 
shows all vessel. to be patent and intact. Thus it 
seems possible taat the cases described by Lindsay 
and Hemenway’ are of viral rather than vascular 
etiology. 


DIFFERENTIAL DIAGNOSIS 


The following disorders must be considered in the 
differential diagnosis of vestibular neuritis: 


Meniére’s Disease. Menieére’s disease is charac- 
terized histologzally to be endolymphatic hydrops 
and usually car be differentiated from vestibular 
neuritis by the »resence of the characteristic hear- 
ing loss. Howev=r, when Menieére’s disease presents 
only the vestibu ar symptoms, as may occur early in 
the course of tł= disease, it may be confused with 
vestibular neurzis. The differentiation can usually 
be made on the following bases: a) Frequent and 
numerous episodes of vertigo are characteristic of 
Meniere's disease, while vestibular neuritis more 
often presents a one episode or as several episodes 
occurring over = period of months or years. b) The 
vertiginous attacks in Meniere’s disease are of 
limited duratior , often no longer than three or four 
hours, after which the patient usually feels well, 
while in vestibular neuritis the acute episode may 
persist for a perd of days. c) Early in the course of 
Meniere’s disease the caloric response may be nor- 
mal, while in vestibular neuritis it is frequently 
reduced or absent. d) A positive Hennebert’s sign 
(fistula test) is mdicative of vestibular fibrosis and 
when it occurs, is diagnostic for endolymphatic hy- 
drops, thus favcring the diagnosis of Menieére’s dis- 
ease. 


Vestibular Schwannoma. Vertigo caused by an 
expanding mas in the internal auditory canal or 
cerebellopontin2 angle, such as vestibular schwan- 
noma, may stimulate vestibular neuritis. The dif- 
ferentiation car usually be made on the following 
bases: a) The vestibular schwannoma usually causes 
a hearing loss which of course does not occur with 
vestibular neurctis. b) A single severe attack of ver- 
tigo or recurrimg severe attacks over a period of 
months or yea s as commonly seen in vestibular 
neuritis is unusual for vestibular schwannoma. c) 
Signs of involvenent of the fifth and seventh cranial 
nerves (abnormalities in corneal sensitivity, taste, 
stapedial muscE reflex, blink reflex, etc) are com- 
mon with vestibular schwannoma but absent in ves- 
tibular neuritis 


In some cases it will be necessaary to perform CT 
scan and polytomography, and possibly posterior 
fossa myelography to assist in the differentiation of 
these disorders. 


Fenestral Fis ula. While the frequency of occur- 
rence of spontaneous fistulae of the oval and round 
windows is pro sably exaggerated in the current lit- 


erature, these do occur and must be considered in 
the differential diagnosis. The following features 
will usually serve to differentiate a fenestral fistula 
from vestibular neuritis: a) With the fenestral fistu- 
la there is often a history of a precipitating incident 
(sudden changes in air pressure as in air flight, 
scuba diving, and nose blowing, straining, head 
blow or blast in air, stapes surgery). b) Positional 
vertigo and a positive fistula test often occur with a 
fenestral fistula, possibly caused by an air bubble in 
the labyrinth. c) Hearing loss, often fluctuating, is 
common in the presence of a fenestral fistula but 
absent in vestibular neuritis. d) The caloric response 
is usually normal with fenestral fistula and usually 
diminished or absent in vestibular neuritis. 


Cerebellar Infarction. A small cerebellar infarct 
may present symptomatically as a sudden severe at- 
tack of vertigo with nausea and vomiting.’ When it 
occurs without hearing loss or other neurological 
symptoms, it can mimic the single-attack type of 
vestibular neuritis. Predisposing factors for cere- 
bellar infarction appear to be hypertension, arterio- 
sclerotic cardiovascular disease, estrogen replace- 
ment therapy and blood dyscrasias. The infarction 
may be characterized by either occlusion or hemor- 
rhage of a branch of either the anterior-inferior or 
posterior-inferior cerebellar arteries. Such a lesion 
may cause compression or destruction of part of the 
vestibular nuclei and/or vestibular connections in 
the cerebellum (flocculus, nodulus, uvula). Com- 
puted tomography is the most sensitive method of 
detecting cerebellar infarction. Nonhemorrhage in- 
farcts appear as low density areas and hemorrhage 
infarcts as high density areas. 


For neuroanatomical reasons it seems highly im- 
probable that the isolated peripheral vestibular 
nerve degenerations occurring in our cases 5 -8 were 
caused by cerebellar infarctions. A lesion involving 
any of the vestibular nuclei, were it to cause antero- 
grade degeneration of vestibular nerve fibers, 
would necessarily involve segments of both superior 
and inferior divisions of the vestibular nerve. 


Multiple Sclerosis. In unusual cases vertigo can 
occur as the initial symptom of multiple sclerosis. It 
may present as acute severe vertigo or protracted 
unsteadiness. All signs may be identical to vestibu- 
lar neuritis, including nystagmus, diminished calor- 
ic response and normal hearing. Onset after the age 
of 40 rules out multiple sclerosis. In rare cases it 
may be impossible to differentiate multiple sclerosis 
from vestibular neuritis until further CNS involve- 
ment becomes evident. 


Dysequilibrium of Aging. The dysequilibrium of 
aging? is caused by degenerative changes in the 
peripheral vestibular labyrinth which interfere 
with the motion mechanics of the sense organs. The 
symptoms consist of momentary or prolonged un- 
steadiness following stimulation of the vestibular 
system such as occurs with sudden head movements 
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(turning, stooping, rolling over in bed, rising from 


the bed, etc). 


SUMMARY 


The histopathological evidence in the temporal 
bones of four subjects who had prolonged symptoms 
of vertigo, as well as our clinical experience and 
literature review, supports the existence of a dis- 
crete degenerative neuropathy of the vestibular 
nerve. The characteristic features are severe vertigo 
without hearing loss, accompanied by objective evi- 
dence of vestibular abnormality (nystagmus, dimin- 
ished or absent caloric response). The vertigo may 
occur as a single severe prolonged episode or as re- 
curring severe episodes, either of which may be as- 
sociated with milder periodic or constant unstead- 


iness. One or both ears may be involved either con- 
currently or sequentially. 


The pathological correlate as determined by tem- 
poral bone studies is atrophy of one or more vestib- 
ular nerve trunks, with or without their associated 
sense organs. Because the disorder usually occurs as 
an isolated neuropathy, sometimes in the presence 
of an upper respiratory infection, and because of its 
pathological similarity to a reported case of herpes 
zoster oticus, we suspect a viral etiology and recom- 
mend that it be known by the term vestibular neuri- 
tis. 

The differential diagnosis includes Meniere’s dis- 
ease, vestibular schwannoma, fenestral fistula, cer- 
ebellar infarction, multiple sclerosis, and dysequi- 
librium of aging. 
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Optokinetic nystagmus was recorded and measured it 101 subjects comprising six diagnostic categories: 1) normal, screened for oto- 
logic disease, 2) chronic unilateral labyrinthectomy, 3) uniateral Meniére’s diseese, 4) neurologically confirmed focal brainstem lesion, 5) 
brainstem-cerebellar syndrome, and 6) focal unilateral sup-atentorial lesion. Forthe OKN test, each subject looked at a translucent screen 
onto which a field of parallel black and white bars was back-projected. The array of bars could be projected vertically or horizontally to 
allow for study of nystagmus beating right and left mi hg and down. The speeof movement of the bars varied over a range from 20 to 


140°/sec of visual angle, in each axis for both directions. 


An analysis of the slow phase velocity of OKN indicated that patients with#rainstem disease produced significantly lower eye speeds 
than did normal subjects or patients with chronic peripheral vestibular disease. Tae latter groups could not be distinguished. The responses 


of patients with cortical lesions fell midway between 


these two extremes and were significantly different from those of the brainstem 


group. Directional preponderance of nystagmus proved to Fe significantly relateéto the side of lesion for both the labyrinthine and cortical 
groups. However, the absolute value of the difference in slew phase velocity for mystagmus beating toward or away from the side of lesion 
was no greater than the difference between right and left-beating nystagmus in normal subjects. While the results provide statistical confir- 


mation for the findings of earlier investigations, it is noted = rat for 


purposes of elinical diagnosis, the test is of value only in the context of 


the otoneurological test battery. Distribution of results for ndividuals in the various groups overlap considerably. The designation of a 
numerical cutoff for differential diagnosis leads to error ræes far in excess of what may be confidently attributed to chance. 


Observation of optokinetic nystagmus (OKN) has 
been included in both neuro-opthalmologic and 
otoneurologic examinations for the past 50 years. '-? 
The response has been used to assess higher cortical 
function, as well as the integrity of a variete of 
systems, including the peripheral and central ocu- 
lomotor and vestibular pathways; abnorma ities 
have been reported in the presence of lesions 
throughout the brain.‘ | 


| 


The examination is easily performed. One n eth- 
od is to use a small drum, about 30.5 cm in d am- 
eter, with alternating black and white str pes, 
which is held about 46 cm in front of the patient's 
eyes and slowly rotated. In place of the drum, many 
clinicians use a tape consisting of a series of cobred 
patches sewn on a strip of white cloth. The strio is 
moved slowly to the right or left, up or down. The 
patient is instructed to gaze straight ahead at the 
stripes (or visual targets) without deliberate ixa- 
tion. Typically, if the targets move continuausly 
from left to right, the eyes will alternately move 
slowly to the right and quickly return to the michine 
position. The speed of the slow phase is generally 
related to the speed of movement of the targets in- 
creasing to about 50°/sec for a target speed of 89°, 
and then slowly decreasing as adjacent targets bezin 
to fuse.5-° 


The eye movement may be evaluated using qt ali- 
tative description. For example, Smith’? rates the 
response on a categorical scale from brisk to nil. 
Alternately one may use the techniques of elecro- 
nystagmography.®”'! The former method is entire- 


ly subæctive and relies wholly on the impression of 
the examiner. The latter method gives an objective 
analogue representation of the eye movements on a 
polygraph recorder. The response appears as a 
triangalar wave for each cycle of nystagmus (slow 
plus quick phase). The slope of the slow component 
gives tne velocity of movement of the eyes in rela- 
tion te the movement of the targets. One may also 
calculete the frequency of the response, ie, the 
number of beats (quick phases) per second, and the 
amplitade of response, ie, the maximum excursion 
of the yes from the midline position. 


SYNOPS S OF THEORY OF CLINICAL FINDINGS 


Seve-al proposals have been made to describe the 
neurolegic pathways subserving optokinetic nystag- 
mus. The most widely popularized views are those 
of Cords’ and Ling and Gay." 


Corcs’ hypothesis,* published in 1926, has been 
well described by Carmichael et al." Briefly, the 
theory states that for targets moving from left to 
right, ampulses from the right halves of the two 
retinae are projected to an optomotor center in the 
right peristriate cortex. Way stations include the 
right eternal geniculate body, optic radiation and 
visual eortex. For the efferent leg of the reflex, 
fibers om the peristriate area join the posterior 
part of che optic radiation and move forward, leav- 
ing the optic radiation at its anterior third to join 
the cerebral peduncle. From here fibers cross the 
midline to the posterior longitudinal bundle on the 
opposite side and go to the center for conjugate gaze 
in the pons. 
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Cords’ system predicts that a lesion anywhere 
along the path f-om the optomotor center in the 
cortex to the pon ine gaze center will result in the 
abolition of OKN beating left. If the lesion occurs in 
that part of the sath associated with optic radia- 
tion, then the adeed feature of homonymous hemi- 
anopia will appear. This syndrome of unilateral 
OKN deficit toge her with field blindness should be 
evident primarily in cases of deep parietal lesions. 
On the other hand, lesions involving the optic 
tracts, lateral geniculate body, temporal or oc- 
cipital lobes mignt produce hemianopia but OKN 
should be brisk Lilaterally. 


Evidence in sipport of Cords’ hypothesis has 
been given by smith? and Cogan and Loeb." 
Smith describes the findings of Kestenbaum** for a 
series of 59 cases of homonymous hemianopia. The 
data, based on v-sual inspection of the eyes by the 
examiner, indicace that in 28 instances of a positive 
optokinetic sign ie, clear asymmetry in horizontal 
OKN) 10 were ssociated with lesions close to and 
17 within the pzrietal region. For 24 instances of 
negative optokirstic sign, (ie, brisk response bilat- 
erally) there we-e 10 patients with lesions distant 
from, and 5 witt lesions close to the parietal region. 


Smith’s own coservation of OKN in 100 patients 
with homonymcs hemianopia are also reported in 
his monograph. Again the response was elicited us- 
ing a strip of cbth and described on a four-point 
rating scale. An asymmetry in response, right-beat- 
ing versus left-beating, was observed in 28 of 33 
cases of parieta lesion. In the presence of a tem- 
poral lobe lesiom either proven or judged clinically, 
19 of 24 patients showed negative OKN signs. For 
39 occipital lobe lesions the OKN sign was negative 
in 31l instances, »ositive in 7, and absent in 1. In the 
presence of an occipital field defect, a negative 
OKN sign usually signified a vascular lesion, 
whereas a positive OKN sign was associated with a 
mass lesion (Cozan’s Rule). Details of this research 
and autopsy study are given in Smith’® and Smith 
and Cogan.'’'"® 


Cords’ predic icns appear to be supported. Smith 
emphasizes tha- the hypothesis applies specifically 
to cerebral lesicns and not to brainstem disease. He 
notes that in cses of brainstem involvement there 
may be a generalized depression or total absence of 
OKN. The latter finding may also be due to seda- 
tion or low vision. 


Evidence against Cords’ hypothesis has also been 
reported. Davic off et al’? studied OKN for a variety 
of cerebral lesions in a series of 37 patients. Each 
patient was paced for testing inside a rotating 
drum 91 cm in diameter and 61 cm in height. Nor- 
mal OKN was defined as regular, rhythmical, sym- 
metrical, well-sustained nystagmus with readily 
identifiable quck and slow components for both 
directions of the drum. An attempt was made to 
correlate the site of major brain damage and defects 
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in horizontal OKN, although as the authors point 
out, strict anatomic correlation is often precluded 
by the multiplicity of lesions and extent of involve- 
ment. Other parts of the brain may be implicated 
by the pathological process. 


The results showed that of the patients with ab- 
normal OKN, 13 had tumors limited to cortex and 
underlying white matter of cerebral hemisphere. 
The OKN was “defective” when the drum was ro- 
tated toward the side of the lesion. Three patients 
had predominantly frontal lobe lesions, two tem- 
poral and four parieto-occipital lesions. The rest 
had lesions involving more than one lobe. Normal 
responses were found in patients with extensive le- 
sions in the parietal lobe, hypothalamus, the lateral 
and anterior parts of the brainstem, and in patients 
with unilateral, bilateral, or diffuse lesions. Thus, 
the conclusion reached by the authors was that no 
correlation was possible between any specific type 
of optokinetic dysfunction and pathology involving 
any specific anatomic area. However, the claim was 
made that the test had use in lesion lateralization. 
The authors stated that, “In general, the more 
massive the disturbance in motor, somato-sensory 
and visual function, the more probable a defect in 
optokinetic nystagmus would be elicited.”!’ This 
was especially true if a decrease in the state of alert- 
ness was also present. The results showed that nor- 
mal OKN bilaterally was observed in cases of severe 
visual field deficit. Patients with gaze palsy showed 
defective OKN when the direction of defective gaze 
movement and direction of defective optokinetic re- 
sponse coincided. 


A second major theory, not widely popularized, 
is that there are two centers for OKN, one in the 
frontal lobe and the second in the occipital lobe.”° 
Recently, Ling and Gay’? have attempted an expan- 
sion of this view. According to these investigators, 
any proposal for an OKN pathway must take into 
account the following facts: 


1. The afferent limb of OKN is the same as that 
for visual afferents. Only one occipital lobe is re- 


quired; thus, unilateral occipital lesions do not af- 
fect OKN. 


2. The slow phase of OKN is mediated through 
the optomotor field of the occipital lobe. The 
mechanism is the same as that for ocular pursuit; 
the efferent path leads directly from the occipital 
lobe to the brainstem. 


3. The fast phase depends on frontal lobe activi- 
ty. The assumption is made that the pathway from 
frontal lobe to brainstem nuclei is identical to that 
for the fast phase of vestibular nystagmus and vol- 
untary gaze. 


4. Most patients with asymmetric OKN due to 
cerebral lesions have involvement deep in the 
parietal lobe. The abnormality is seen as a loss of 
the fast phase to the side opposite the lesion. 
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These facts suggest the following mechanisms: 


“Afferent impulses for the optokinetic reflex travel 
the visual pathway to the occipital lobe. This initiates 
the slow phase of the reflex, causing the eyes to deviate 
conjugately to the side toward which the target is mov- 
ing. The efferent impulses for the slow phase travel di- 
rectly to the brainstem from the occipital lobe. At the 
completion of the slow phase, the frontal lobe on the 
side. toward which the eyes are deviated initiates the 
fast corrective phase of the reflex. This frontal lobe is 
activated by impulses from both the ipsilateral, and by 
way of the corpus callosum, the contralateral occipital! 
lobe. The impulses from the frontal lobes in optekinetiec 
nystagmus travel to the brainstem in the same pathway 
as the impulses for voluntary gaze and the fast phase of 
vestibular nystagmus.”?! 


Thus, if optokinetic targets move from the pa- 
tient's left to right, the left occipital lobe will be ac- 
tivated and cause the eyes to deviate right. The 
right frontal lobe will then initiate the fast phase 
left to bring the eyes back to midline. Impulses 
travel from both occipital lobes to the frontal lobe 
via a pathway deep in the parietal lobe. There is 
anatomical evidence for such a pathway.?? The 
predictions that follow and receive support are 
that: 


l. For unilateral occipital lesions OKN will be 
normal. In cases of bilateral occipital lesions, OKN 
will be normal so long as some vision remains. 


2. For both deep parietal lobe and diffuse frontal 
lobe lesions, OKN will be impaired to the side op- 
posite the lesion. Lesions anywhere along the fron- 
tomesencephalic pathway from the fronta! lobe to 
the brainstem may produce a deficit of the fast 
phase to the opposite side. 


SUPPORT FROM ANIMAL RESEARCH 


Detailed, scholarly discussion of the vestibular 
and oculomotor pathways in animal models are 
presented in Bender,” and Bach-Y-Rita et al.” We 
will not attempt a review of the literature in this 
section but will describe briefly a few investigations 
illustrating the effects of central lesions on OKN. 


The role of both the cortex and thalamus om the 
integrity of OKN has been demonstrated by Never- 
ov et al.’ These investigators used the technique of 
spreading depression through microinjection of 
drugs into the parietal cortex or superior colliculus 
to blockade the functions of these structures during 
OKN or after-nystagmus. The subjects were eight 
rabbits placed securely in the center of an OKN 
drum (80 cm high by 140 cm in diameter) for test- 
ing. OKN was elicited during clockwise rotation of 
the drum at six revolutions per minute for 90 min- 
utes. Frequency of OKN was markedly decreased 
by spreading depression in either the right 
hemisphere or right superior colliculus. By contrast, 
reduction in the activity of the left hemisphere or 
thalamus affected after-nystagmus. 


Cohen” has shown the importance of the para- 


TABLE 1. DISTRIBUTION OF SUPRATENTORIAL 
LESIONS 
Sos 


Type No. 


Frontal mass lesion 
Frontal-parietal mass lesion 
Parietal infarction 
Middle cerebral artery occlusion 
Parietal-occipital infarction 
Oecipital pole infarction 
Oecipital mass lesion 
Temporal mass lesion 
Pontine infarction 

Total 
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median zone of the pontine reticular formation 
(PPRF) for normal OKN. Electrolytic lesions to the 
right PPRF resulted in changes in right-beating 
OKN. The quick phase was of relatively small am- 
plitude, high frequency and low maximum veloci- 


ty. There was a strong tonic deviation of the eyes to 
the left. 


PRESENT INVESTIGATIONS 


Rationale. While evidence may exist to support 
correlations between theoretical prediction and ob- 
servation of eye movements in patients with well- 
documented lesions, the strength of OKN as a test 
for clinical diagnosis is not clear. Specifically, given 
a unilateral deficit of OKN, one may question the 
extent to which the result distinguishes two clinical 
groups with different sites of lesion. The data 
published are usually qualitative in nature, and the 
judgement of abnormality depends on a subjective 
evaluation by the examiner. To some extent his de- 
cision will reflect his knowledge of the results of 
clinical tests administered concurrently, and his 
own theoretical bias. 


An attempt to collect quantitative data for vari- 
ous clinical groups was made by Morissette et al.’ 
Their particular interest was the usefulness of OKN 
measurements for distinguishing peripheral from 
central vestibular lesions. Horizontal and vertical 
OKN im normal subjects and in patients with 
chronic unilateral labyrinthectomy and confirmed 
brainstem lesions were compared. The techniques 
of electronystagmography were used for documen- 
tation and analysis of response. Statistically signifi- 
cant differences between the normal and labyrinth- 
ectomy groups on the one hand and the brainstem 
group of the other suggested the value of the test for 
clinical otoneurological diagnosis. 


The present study is a continuation of this work. 
The OKN of subjects in six groups are compared: 
normal subjects screened fer vestibulat disease, and 
patients with unilateral labyriffthectomy, Meniére’s 
disease, neurologically confirmed focal brainstem 
lesions, diffuse brainstem disease and radiologically 
confirmed supratentorial lesions. The focus of the 
work is an attempt to establish quantitative criteria 
for evaluating OKN in the diagnosis of peripheral 
vestibular and central nervous system lesions. 
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METHODS 


Subjects. One hurdred and one paid volunteers served as sub- 
jects. All had norma vision, in some cases obtained with correc- 
tive lenses. They coraprised six experimental groups: 


l. Fifteen norma subjects, aged 18 to 39 years screened for 
otologic disease by reutine audiometric and vestibular testing. 


2. Sixteen patien& with unilateral labyrinthectomy (11 right 
ear, 5 left), aged 31 -o 72 years. The time lapse between surgical 
procedure and OKN test ranged between 1 and 52 months. 


3. Thirteen patieats with unilateral Meniére’s disease (6 right 
ear, 7 left), aged 33 co 72 years. In all cases the clinical diagnosis 
was based on unilat ral vestibular reduction, fluctuating sensori- 
neural hearing loss nd severe episodic vertigo.”’ 


4. Eighteen patients with neurologically confirmed brainstem 
lesions, 11 with infa ction, 5 with multiple sclerosis, 1 with intrin- 
sic neoplasm, and 1 vith Arnold Chiari malformation, aged 27 to 
85 years. 


5. Fifteen patiems with brainstem-cerebellar syndrome (eg, 
diffuse cerebellar de@zeneration, parkinsonism, encephalopathy of 
thiamine deficiency neurofibromatosis) aged 27 to 90 years. 


6. Twenty-four patients with focal unilateral supratentorial le- 
sions with localizati»n evident on radiologic examination, aged 25 
to 76 years. 


The distribution əf lesions is given in Table 1. 


Vestibular functien was evaluated in each subject using a rou- 
tine, standardized test battery. The battery included caloric test- 
ing, ie, irrigation of the two ears using hot (44 C) and cold (30 C) 
water, search for gaze nystagmus with lateral deviations of the 
eyes of 30° and ver ical gaze directions of 10° from the primary 
eye position, exammation of ocular tracking of a moving pendu- 
lum, and posture 2sts.** Eye movements were monitored and 
recorded using ENC. 


Apparatus. The apparatus used for the experiment has been 
described previously.’ During the OKN test, the subject was 
seated in a darkened room facing a translucent white screen at a 
distance of 80 cm. A circular field of parallel black bars covering 
60° of visual angle was back-projected onto the screen. The bars 
were 5 cm wide and the distance between bars was 8.1 cm. The 
luminance of the ground was 1.75 foot-candles and the luminance 
gradient between the ground and bars was in the ratio of about 
10:1. 


The field of bars was produced by placing an opaque spiral 
drawn on a transparent disc between the condensor of a slide pro- 
jector and a 35 mm wide angle lens. The disc was placed in the 
optical path of the projector in such a way that the rotary move- 
ment of the spiral would result in movement of the bars in a 
horizontal or vertical direction. 


The speed of rotation of the disc was controlled by a feedback 
system in which the output from a potentiometer controlled by 
the experimenter and a tachometer were fed to a comparator. 
The speed of the motor driving the disc was increased or de- 
creased depending on the voltage response of this comparator. A 
milliammeter connected to the tachometer was calibrated to read 
the speed of movement of the bars in degrees of visual angle per 
second ranging from 20 to 400. To avoid a stroboscopic effect, the 
projector was modified to work on direct current. 


Eye movements were recorded using electronystagmography 
(AC coupling, time constant of five seconds), eyes separately and 
together in the horizontal axis and one eye in the vertical axis. 


Procedure. Subjects were instructed to gaze at the surface of the 
screen. They were told to look at each bar as it passed the center 
point and to try not to follow any one bar as it moved from the 
center to the periphery of the visual field. In cases of response in- 
hibition, subjects were instructed repeatedly to maintain a high 
level of attention. 


The bars were projected successively at speeds ranging from 20 





OPTOKINETIC NYSTAGMUS 5 


TABLE 2. MAXIMU» RESPONSE FOR HORIZONTAL OKN 
a A 
Lowest i 
Group No. Mean* SD Value Value 
Normal RN 15 59 25 22 122 


LN 15 

Labyrinthectomy N=L 16 
N-L 16 

Menieére’s disease N-L 13 
N-L 13 

Brainstem RN 18 
LN 18 

Brnstm-cereb diffuse RN 15 
LN 15 

Cortical N-L 24 
N-L 24 


*Slow phase velocity in °/sec. 


55 20 28 101 
45 17 25 ot 
53 21 31 102 
49 12 3l 70 
50 10 32 67 
20 1] 3 38 
22 9 i. 43 
22 10 10 39 
21 13 4 49 
38 14 7 67 
34 18 3 70 


SD - Standard deviation; Brnstm-cereb - Brainstem-cerebellax RN - Right-beating nystagmus (bars move left); LN - Left-beating nystagmus (bars move 
right); N—L - Nystagmus beating toward side of lesion: N—L - lystagmus beating away from side of lesion. 





to 140°/sec, in steps of 20°. Movement to the right and left f bars 
projected vertically were alternated for each speed. The pro- 
cedure was repeated for the vertical axis, with a display Œ hori- 
zontal bars moving upwards and downwards. 


At each speed (by direction) the display was presented for 20 to 
30 seconds, the time required to observe at least one stroncburst 
of nystagmus. If for any stimulus (speed by direction) no r ystag- 
mus was seen within 30 seconds, that presentation was «iscon- 
tinued and a zero recorded. 


RESULTS 


The response for each combination of direction of 
movement of the bars (right, left, up, amd down) 
and bar speed (20°, 40°, 60°, 80°, 100°, J20°. 
140°) was evaluated by measuring the slow phase 
velocity of OKN. The average value of the slope for 
the three fastest beats in the most easily identified 
group of beats persisting for at least five seconds 
was tabulated as the response. 
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Figure 1 shows the average response platted 
against bar speed for patients in the six groups We 
have taken the liberty of labelling the suprcten- 
torial group as cortical, since in only one case was 
the lesion nonhemispheric. For normal subjects and 
those with brainstem lesions or diffuse brains-em- 
cerebellar disease the results are given separately for 
right-beating (RN) (bars move left) and lef+-bez ting 
(LN) (bars move right) OKN. For the other groups, 
labyrinthectomy, Menière’s disease and supreten- 
torial lesion, the laterality of the lesion was taken 
into account and the results are plotted separctely 
for nystagmus beating toward (N — L) and away 
from (N — L) the affected side, irrespective ol the 
direction of movement of the bars. | 


Two distinct trends are apparent in these cata. 
For normal subjects and those with chronic un_lat- 
eral labyrinthectomy or Meniére’s disease, eye 
speed is a curvilinear function of bar spæd, 
reaching a maximum for values of about 80° sec. 
On the other hand, the brainstem and brainstem- 
cerebellar groups show a steady and gradual dediine 
in eye speed for increases in stimulus speed. The 


data for patients with cortical lesions are midway 
between these two trends. 


In order to compare the groups statistically, in a 
way which might prove useful for clinical diagno- 
sis, we examined 1) the maximum value of slow 
phase velocity achieved by each subject, regardless 
of bar speed; 2) the bar speed giving the maximum 
response; and 3) the slow phase velocities obtained 
for relatively high and low bar speeds of 80° and 
20°/sec, respectively. 


Meximum Response. Table 2 shows the mean 
maximum response observed for subjects in each of 
the six groups. The standard deviation as well as the 
lowest and highest values of maximum response ob- 
served for the subjects in each group are given. Sta- 
tistical comparison of the maximum response ob- 


TABLE 3. RESULTS OF STATISITCAL COMPARISON 
OF MAXIMUM VALUES OF RESPONSE 


ee... 8 SE EE Eee 
t df a 
Within-group comparisons 
Labyrinthectomy 


N=L vs N—L 2.93 15 .050 


Between-group comparisons 
Normal vs brainstem 


RN vs RN 6.03 31 001 
LN vs LN 6.29 31 .001 
Normal vs cortical 
RN vs N= L 3.45 37 010 
N-L 3.77 37 001 
LN vs N—L 3.09 37 .010 
N-L 3.45 37 .010 
Labyrintectomy vs brainstem 
N—L vs RN 5.31 32 001 
LN 5.25 32 .001 
N-L vs RN 5.99 32 001 
LN 5.93 32 001 
Labyrinthectomy vs cortical 
N=L vs N= L NS 
N-L 2.17 38 .050 
N-L vs N—L 2.86 38 .010 
N-L 3.26 38 010 
Brainstem vs cortical 
RN vs N—L 4.32 40 .001 
N-L 2.82 40 .010 
LN vs N= L 4.10 40 .001 
N-L 2.57 40 .050 


NS - Not significant; N~L - Nystagmus beating toward side of lesion: 
N-L - Nystagmus beating away from side of lesion. Other abbreviations 
same as Table 2. 
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TABLE 4. DISTRIBUTION OF OBSERVED MAXIMUM SPEEDS 


N-—-L N-L 


Labyrinthectomy Meniére’s Disease 
N-L N-L 


Brnstm-Cereb 
Diffuse 
LN 


Cortical 
N—-L N-L 


Brainstem 


RN LN RN 
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N— L - Nystagmus beating toward side of lesion; N—L - Nystagmus beating away from side of lesion. Other abbreviations same as Table 2. 


served for left amd right-beating nystagmus or for 
nystagmus beatir g to and away from the side of le- 
sion within each group shows a significant differ- 
ence only in the case of subjects with chronic uni- 
lateral labyrinthectomy. For this group the eye 
speed is higher when the nystagmus beats away 
from the side of -he lesion. 


Pairwise comparisons between the various groups 
show that the maximum response of patients with 
chronic unilateral labyrinthectomy or unilateral 
Meniere’s disea® are not significantly different 
from those of normal subjects. On the other hand, 
the maximum response for patients with brainstem 
lesions or diffuse brainstem-cerebellar disease was 
significantly less than those for normals. The result 
for patients with cortical lesions fell midway be- 
tween and was significantly different both from 
those of normal subjects and patients with brain- 
stem findings. 


In making the pairwise comparisons, the groups 
were compared on the basis of right-beating and 
left-beating nystagmus, taken separately. If lesion 
laterality was a -actor for both groups then all four 
possible matches were made: nystagmus beating to- 
ward and away trom the side of lesion in one group 
was compared with nystagmus beating toward and 


away from the side of lesion in the other group. If 
lesion laterality was known for only one of the two 
groups under comparison, then right and left beat- 
ing nystagmus in the one group were each com- 
pared with nystagmus beating toward and away 
from the side lesion in the second group. The details 
of the t-tests are given for significant outcomes in 
Table 3. It should be noted that patients with Men- 
iere’s disease and diffuse brainstem-cerebellar syn- 
drome were included in the experiment to provide 
clinical controls for patients with chronic labyrinth- 
ectomy and focal brainstem lesions, respectively, 
and were compared only with these groups in this 
and subsequent analyses. 


Table 4 shows the distribution of observed maxi- 
mum speeds for all subjects. While significant dif- 
ferences were noted (see above) between the aver- 
age values for the various groups, it is evident from 
this analysis that the ranges of values overlap con- 
siderably. Any choice of cut-off for decision making 
along the maximum slow phase velocity axis will be 
associated with some probability of error in diagno- 
sis. Thus, for example, if a response of 30°/sec were 
to be chosen, 13% of normal subjects would be clas- 
sified as abnormal (maximum less than 31°/sec) and 
42% of cortical (N— L) and 22% of brainstem pa- 


TABLE 5. BAR SPEED GIVING THE MAXIMUM RESPONSE FOR HORIZONTAL OKN 


Lowest Highest 
Group No. Mean* SD Value Value 

Normal RN 15 81.3 29.7 20 120 
LN 15 89.3 28.1 40 140 

Labyrinthectomy N=L 16 65.0 33.1 20 140 
N-L 16 76.3 ak2 40 120 

Menière’s disease N=L 13 70.7 24.0 40 120 
N-L 13 64.6 24.7 20 100 

Brainstem RN 18 40.0 Ae | 20 100 
LN 18 43.3 2510 20 100 

Brnstm-cereb diffuse RN 15 45.3 24.5 20 100 
LN 15 34.7 iT: 20 80 

Cortical N-—-L 24 50.8 22.8 20 100 
N-L 94 50.8 29.5 20 140 


*Slow phase velodity in °/sec. 


N—L - Nystagmus beating toward side of lesion; N—L - Nystagmus beating away from side of lesion. Other abbreviations same as Table 2. 
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TABLE 6. RESULTS OF STATISTICAL COMPARISON 
OF BAR SPEEDS GIVING THE MAXIMUM RESPONSE 
M 


t df a 


Within-group comparisons 
Labyrinthectomy 
N=L vs N—L 2.76 15 .050 


Between-group comparisons 
Normal vs brainstem 


RN vs RN 4,29 31 01 
LN vs LN 4.97 31 01 
Normal vs cortical 
RN vs N= L 3.61 37 10 
N-L 3.13 37 .J10 
LN vs N= L 4.68 37 001 
N-L 4.04 37 001 
Labyrinthectomy vs brainstem 
N-—L vs RN 2.48 32 050 
LN 2.17 32 050 
N-L vs RN 3.72 32 001 
LN 3.42 32 010 
Labyrinthectomy vs cortical 
N=L vs N= L 1.61 38 NS 
N-L 1.42 38 NS 
N-L vs N—L 2.98 38 010 
N-L 2.61 38 .050 


NS - Not significant; N— L - Nystagmus beating toward side of lesion: 
N-—L - Nystagmus beating away from side of lesion. Other abbreviations 
same as Table 2. 


tients (RN or LN) would be called normal (maxi- 
mum greater than 30). 


Position of Maximum Response. The average val- 
ue of bar speed for which the maximum response 
occurred is presented in Table 5. A summary of sig- 
nificant differences within and between groups is 
given in Table 6. The normal subjects and patients 
with labyrinthectomy are not different from each 
other in this analysis and the bar speed giving the 
maximum is between 65° and 90°/sec on the aver- 
age for the two groups. For the brainstem group the 
maximum response occurs at a much slower bar 
speed of about 40°/sec. Patients with cortical lesions 
show a maximum response at a relatively higher 
speed of 50°. This is significantly different from the 
outcome for normal subjects but not from that ob- 
served for patients with brainstem disease. 


OKN at Relatively High and Low Bar Speeds. In 
the last section, we demonstrated that normal sub- 
jects show a maximum slow phase velocity for a bar 


f 


speed close to 80°/sec. A statistical comparison of 
the response was made both within and between 
subjeets specifically for this bar speed. The data for 
a bar speed of 80° are given in Table 7 and the 
significant differences between groups are shown in 
Table 8. The trends observed are similar to those for 
maximum response given in Table 3. 


To contrast the response for the various groups at 
high bar speeds, we compared the groups for the 
lowest bar speed. The significant comparisons are 
presented in Table 9. These data indicate that for a 
bar speed of 20° /sec the laterality of the lesion is im- 
portaat for patients with chronic unilateral laby- 
rinthectomy and cortical lesions. For the former 
group the slow phase velocity is higher when the 
nystagmus beats faster away from the lesion and for 
the latter group, when the nystagmus beats in the 
direction of the lesion. An unexpected finding is the 
relatively greater response for these patients, when 
compared with that of normal subjects, regardless 
of the direction of nystagmus. By comparison, pa- 
tients with brainstem lesions showed responses well 
within the normal range. 


The distribution of results for the bar speed of 
20° /sec are given for each of the groups in Table 10. 
Examination of right-beating nystagmus in normal 
subjects indicates that 11 of 15 give speeds between 
16° and 25°/sec. Of the 13 patients with Meniére’s 
disease, 11 give speeds greater than 25° both for 
nystagmus beating to and away from the side of le- 
sion. For 16 patients with labyrinthectomy 10 give 
slow phase velocities greater than the range when 
the nystagmus is beating away from the side of le- 
sion. 


Direction Preponderance of Maximum Response. 
In investigation of the peripheral vestibular system 
directional preponderance (DP) of eye movements 
in response to caloric stimuli is often used as a 
method for within-subject comparison of the two 
ears. Applying this logic to OKN?? we calculated the 
difference in maximum slow phase velocity between 
right and left-beating nystagmus or between the 
maximum response for nystagmus beating toward 


TABLE 7. RESPONSE FOR BAR SPEED OF 80°/SEC 
, 
Group No. Mean * SD Value Value 
Normal RN 15 49 21 


LN 15 

Labyrinthectomy N=L 15 
N-L 15 

Meniere’s disease N—L 13 
N-L 13 

Brainstem RN 18 
LN 18 

Brnstm-cereb diffuse RN 15 
LN 15 

Cortical N-—L 94 
N-L 24 


*Slow phase velocity in °/sec. 


Lowest Highest 

1] 72 
43 19 9 77 
36 21 3 77 
42 22 Z 1I ~ 83 
44 16 19 ` 70 
44 14 12 \ 63 
12 9 0 ~ 30 
13 9 2 43 
13 1] l 39 
is 13 L 49 
30 16 8 58 
25 18 2 70 


N—L - Nystagmus beating toward side of lesion; N—L - Nystagmus beating away from side of lesion. Other abbreviations same as Table 2. 
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TABLE 8. SIGNIFICANT DIFFERENCES IN RESPONSE 
FOR EAR SPEED OF 80°/SEC 


t df a 
Within-group comparisons No significant differences 


Between-group eomparisons 
Normal vs brainsterr 


RN vs RN 6.97 31 001 
LN vs LN 6.09 31 001 
Normal vs cortical 
RN vs N—L 3.32 37 .010 
N-L 3.78 37 001 
LN vs N—L 2.45 37 .050 
N-L 2.98 oT .050 
Labyrinthectomy vs brainstem 
N—L vs RN 4.34 32 001 
LN 4.1] 32 001 
N-L vs RN 5.30 32 001 
LN DLI 32 001 
Labyrinthectomy vs cortical 
N—L vs N—L 1.02 38 NS 
N-L 1.62 38 NS 
N-L vs N—L 2.02 38 .050 
N-L 2.56 38 .050 
Brainstem vs cortical 
RN vs N-L 4.12 40 001 
N-L 2.88 40 .010 
LN vs NL 3.84 40 001 
N-L 2.64 40 050 


NS - Not significant; N— L - Nystagmus beating toward side of lesion; 
N-L - Nystagmus beatirmz away from side of lesion. Other abbreviations 
same as Table 2. 


and away from the side of lesion, whichever was 
appropriate to the group. The mean differences are 
plotted for the six groups in Table 11, and it is evi- 
dent that the values obtained are fairly similar. In 
the case of chronic unilateral labyrinthectomy, 12 
of 16 patients shcw a higher maximum for nystag- 
mus beating away from the side of lesion. For pa- 
tients with Meniere’s disease, 8 of 13 show a DP 
favoring the side opposite the lesion. In contrast, 16 
of 24 patients with cortical lesions show a higher 
maximum response for nystagmus beating toward 
the side of lesion. 


CORTICAL LESIONS 


Since much of the literature on OKN concerns the 
effect of the location of a cortical lesion, we at- 
tempted to subdivide our group of 24 patients with 
supratentorial lesions in terms of both locus and 
type of lesion. As indicated in Table 1, our sample 
consisted of 14 cases of infarction and 10 cases of 
mass lesion. Of the former group, 12 involved some 
area of the parietal cortex. In the latter group, two 
were anterior parietal. The location and type of le- 
sion are highly re ated for our sample and thus, may 
not be evaluated separately. 


Table 12 shows the range of maximum slow phase 
velocities observed for nystagmus beating toward 
(N— L) and away from (N - L) the side of lesion for 
the mass and inzarction groups respectively. The 
median values ar2 shown to allow a rough compari- 
son. For the group of infarctions, the median value 
of maximum slcw phase velocity for nystagmus 
beating away from the lesion has a value of 25. This 
is relatively low in comparison with the other values 


TABLE 9. SIGNIFICANT DIFFERENCES IN RESPONSE 
AT BAR SPEED OF 20°/SEC 


t df a 


Within-group comparisons 


Labyrinthectomy 

N-—L vs N—L 2.59 15 .050 
Cortical 

N-—L vs N—L 3.28 23 .010 


Between-group comparisons 
Normal vs labyrinthectomy 


RN vs N—L Sm y | 29 .010 
N-L 3.83 20 001 
LN vs N—L 3.24 29 .010 
N-L 3.89 29 001 
Normal vs Menieére’s 
RN vs N= L 5.82 26 001 
N-L 5.70 26 001 
LN vs N= L 6.29 26 001 
N-L 5.92 26 001 
Normal vs cortical 
RN vs N—L 2.76 37 .010 
LN vs N= L 2.67 37 .050 
Labyrinthectomy vs Meniere's 
N-—L vs N—=L 2.96 27 .010 
Labyrinthectomy vs brainstem 
N—L vs RN eines 32 .010 
LN 3.71 32 .001 
N-L vs RN 3.88 32 .001 
LN 4.36 32 .001 
Labyrinthectomy vs cortical 
N-L vs N-L ae a 38 .010 
Brainstem vs cortical 
RN vs N=- L 3.51 40 .010 
LN vs N= L 3.81 40 .001 


N—L - Nystagmus beating toward side of lesion; N—L - Nystagmus 
beating away from side of lesion. Other abbreviations same as Table 2. 


shown. However, a statistical comparison of the 
maximum values observed for individuals using the 
Mann-Whitney U test for unrelated samples shows 
no differences between mass and infarction groups 
either for nystagmus beating toward or away from 
the side of lesion. 


A measure of directional preponderance (DP) 
was calculated for each subject using the difference 
between the maximum value of slow phase velocity 
observed for nystagmus beating toward and away 
from the side of lesion. The range of DP is given in 
Table 12 for the two groups. In the case of mass le- 
sions, (nonparietal lobe) the value of DP is equally 
likely to be positive or negative and fairly sym- 
metric about zero. On the other hand, for infarc- 
tions, (parietal lobe) in 12 of 14 cases the nystagmus 
beating away from the lesion is relatively dimin- 
ished. Of the two exceptions, DP = 0 and — 13, the 
latter value was obtained for the one patient who 
had sustained a stroke to the pons. Statistical 
evaluation of these data using the Wilcoxon test in- 
dicates that the average DP is significantly different 
from zero in the case of infarctions. The test takes 
into account the sign of relative magnitude of the 
difference observed for each subject. Under the null 
hypothesis of no directional bias the probability of 
the obtained outcome is 0.005. For mass lesions the 
probability was 0.5, ie, the results were highly like- 
ly given no expectation of a DP. 
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TABLE 10. DISTRIBUTION OF RESPONSE FOR BAR SPEED OF 20°/SEC 








Slow Phase Normal Labyrinthectomy 
Velocity (°/sec RN N-L N=-L 
1-5 
6-10 
11-15 3 
16-20 4 | 2 3 
21-25 7 9 3 
26-30 l 4 6 
31-35 0 2 
35-40 ] l 
41-45 | 1 
Total No. 15 16 16 














Menière’s Disease Brainstem Cortical 
N-L N-L RN N-L N-L 

l ] 

4 l 0 

3 2 3 

l 3 l 8 

2 l 3 8 7 

5 2 3 3 2 

4 5 l 5 2 

2 3 3 0 

0 l l ] 

13 13 18 24 24 


N— L - Nystagmus beating toward side of lesion; N—L - Nystagmus beating away from side of lesion. Other abbreviations same as Table 2. 


VERTICAL OPTOKINETIC NYSTAGMUS 


Figure 2 shows the average slow phase velocity as 
a function of bar speed for vertical OKN. Values for 
upbeating and downbeating nystagmus were ana- 
lyzed separately. 


Maximum Response. As for horizontal OKN, the 
maximum response observed across bar speeds was 
tabulated for each subject. Mean values of the max- 
imum are shown for the six groups in Table 13. The 
significant statistical differences are given in Table 
14. Within-group and between-group analyses were 
based on comparison of maximum slow phase val- 
ues for up and down-beating nystagmus respective- 
ly. In making between-group comparisons lesion 
laterality was ignored. 


These results show that for vertical OKN normal 
subjects give responses that are statistically greater 
than those for patients with brainstem or cortical le- 
sions. The range of values for these groups, given by 
the lowest and highest scores in Table 13, indicate 
considerable overlap in response. For upward beat- 
ing nystagmus, 9 of 17 subjects with localized brain- 
stem disease fell below the range for normals and 8 
within. For downward beating nystagmus only 6 
subjects give values below the range and 11 give 
values comparable to those of normal subjects. 


Vertical OKN at Low Speeds. The slow phase ve- 
locity observed for a bar speed of 20° was also ex- 
amined. The average values for upward and down- 
ward beating nystagmus are presented in Figure 2. 
Significant comparisons are given in Table 15. Nor- 
mal subjects give higher values for upbeating nys- 
tagmus than do patients with brainstem lesions. 


However, only 5 of 17 in the latter group are clearly 
below the normal range. 


DISCUSSION AND CONCLUSIONS 


The focus of interest of the present research has 
been the measurement of OKN for use in otoneuro- 
logical diagnosis. In this regard the effect of a wide 
range of optokinetic target speeds on the slow phase 
velocity of OKN has been investigated both for hori- 
zontal and vertical target arrays. The groups tested 
were normal subjects and patients with well-de- 
fined peripheral vestibular lesions (chronic unilat- 
eral labyrinthectomy), focal brainstem lesions, and 
supratentorial tumor or infarction. Two additional 
groups, patients with Meniere’s disease and diffuse 
brainstem-cerebellar syndromes, were included on 
grounds of clinical relevancy. The etiology for these 
is often less clearly defined and we wondered how 
similar their performance would be to the patients 
with circumscribed lesions in the same areas, ie, 
labyrinthine and lower brainstem focus respective- 
ly. 


We-chose to isolate several features of the data for 
statistical analysis, with a view to defining quan- 
titative criteria for routine clinical diagnosis. These 
were _) the maximum slow phase velocity observed 
over the range of bar speeds used; 2) the bar speed 
at which the maximum response occurred; 3) the 
response at very low (20°/sec) and relatively high 
(80°/sec) bar speeds; and 4) the directional 
preponderance, or the difference in maximum 
response observed for nystagmus beating toward 
and away from the side of lesion. In an attempt to 
evaluate current theories of the neurological 


TABLE 11. DIRECTIONAL PREPONDERANCE IN MAXIMUM SLOW PHASE VELOCITY 





No. of 

Mean Subjects 

Difference Lowest Highest with No 

Group No. (°/sec) SD Value Value Difference 

Normal 15 10 T l 21 0 
Labyrinthectomy 16 1] 8 ] 28 l 
Menière’s disease 13 9 | 7 l 20 0 
Brainstem 18 9| 8 l 26 4 
Brnstm-cereb diffuse 15 6 4 2 13 l 
Cortical 24 ll 7 0 27 0 


10 


NORMAL 


100 





CORTICAL 


Slow phase velocity (deg /sec) 





0 40 80 120 160 


40 80 


LABYRINTHECTOMY 





MENIERES 





ABEL-BARBER 


BRAINSTEM 





BRAINSTEM/CEREBELLAR 
DIFFUSE 





120 160 120 160 


40 80 


Speed ofbars (deg/sec) 
Fig. 2. Vertical OKN. 


pathways subserving OKN we subsequently sub- 
divided the cortical group for the purpose of study- 
ing the effect of the location (hemispheric lobe) and 
nature of the lesion (mass vs infarction) on OKN. 
Our findings indicate that for horizontal OKN: 


1. The maximum slow phase velocity allows us to 
differentiate normal subjects and patients with 
unilateral labyrinthectomy on the one hand, from 
patients with foce] brainstem lesions on the other. 
On the basis of this index, patients with Meniére’s 
disease were not unlike those with labyrinthectomy, 
nor could we dist nguish brainstem-cerebellar syn- 
dromes from focal brainstem lesions. The average 
maximum slow phase velocity for patients with cor- 
tical lesions fell m dway between the averages com- 
puted for normal subjects and patients with 
brainstem disease and was significantly greater 
than the value for the latter of these two groups. 


2. The distributions of maximum response (ie, 
values observed in individuals) for groups which 
give significantly different results overlap con- 
siderably. We attempted to establish a cut-off value 


for use in the detection of abnormality and noted 
that the probability of false positives and negatives 
would be relatively high. Nevertheless, a maximum 
slow phase velocity of 30°/sec provides a crude 
yardstick. By this criterion, we find that 13% of 
normal subjects would be judged abnormal and 
22% (about 1 in 5) of patients with brainstem 
disease would be judged normal. 


3. Patients with chronic unilateral labyrinthec- 
tomy show a significantly lower maximum response 
for nystagmus beating toward the side of the lesion. 
However, the magnitude of the difference in each 
patient is 11° on the average and is similar to that 
observed for the difference between right and left- 
beating nystagmus in normal subjects. 


4. The average bar speed at which the maximum 
response occurs is significantly greater for normal 
subjects (85°/sec) and patients with labyrinthec- 
tomy (70°/sec) than those with brainstem and cor- 
tical lesions. The position of maximum response for 
cortical lesions was 50°/sec on the average and this 


TABLE 12. MAXIMUM RESPONSE FOR CORTICAL LESIONS 


See Oe Se I I IIIa 
N—L N-L 
No. Range of Max. Resp.* Median Range of Max. Resp. Median Range of DP 
Mass lesion 10 24-58 49 20-70 38 — 22 to 19 
Infarction 14 7-67 38 3-55 25 — 13 to 27 
so /sec. 


N= L - Nystagmus beating toward side of lesion; N—L - Nystagmus beating away from side of lesion. 
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TABLE 13. MAXIN UM RESPONSE FOR VERTICAL OKN 





Group No. Mean* SD Value Value 


Normal UN 15 
DN 15 
Labyrinthectomy UN 13 
DN 13 
Meniere’s disease UN 13 
DN 13 
Brainstem UN 17 
DN iy 
Brnstm-cereb diffuse UN 10 
DN 10 
Cortical UN 23 
DN 23 


*Slow phase velocity in °/sec. 


Lowest Highest 
41.3 12.6 24 78 
36.9 9.6 15 50 
37.6 18.0 12 67 
29.2 13.4 6 48 
42.6 22.2 14 86 
37.6 15.5 17 74 
20.9 12.4 6 40 
21.4 8.5 6 31 
22.7 10.4 8 38 
19.6 11.0 0 37 
28.2 10.1 15 56 
31.2 10.1 7 52 


SD - Standard deviation; UN - Upbeating nystagmus: DN - Downbeating nystagmus. 


was not significantly different from the value  f 40° 
observed in the presence of brainstem lesions. 


5. Analysis of the results obtained at a bar speed 
of 80°/sec yielded the same conclusions as those for 
analysis of the maximum responses (see Item 1 
above). 


6. At the slowest bar speed, 20°/sec. pacients 
with lower brainstem lesions are not different from 
normal. However, patients with either peripheral 
vestibular disorders (labyrinthectomy or Meniére’s 
disease) or cortical lesions give eye speeds which are 
significantly greater than those of normal subjects 
and patients with focal brainstem lesions. This-find- 
ing was unexpected and to our knowledge has not 
been previously reported. For both labyrinthec- 
tomy and cortical cases, lesion laterality is a siznifi- 
cant factor. Specifically, for the former grouo eye 
speeds are higher for nystagmus beating away from 
the lesion (bars moving toward the side of lesion). 
For the latter group the eye speeds are higher for 
nystagmus beating toward the lesion. These data 
confirm the earlier findings of Davidoff et al !° In 
Meniere's disease there were no significant within- 
group differences due to laterality. 


7. While we find directional differences to be re- 
lated to lesion laterality, the average value of I0° to 
11°, as well as the highest and lowest value, are 
similar to normal. In patients with brainstem dis- 


TABLE 14. STATISTICAL COMPARISON OF MAXIMUM 
VALUES OF RESPONSE FOR VERTICAL OKN 


t df a 


Within-group comparisons 
Labyrinthectomy 
UN vs DN 2.27 12 50 


Between-group comparisons 
Normal vs brainstem 


UN vs UN 4.61 30 201 

DN vs DN 4.87 30 01 
Normal vs cortical | 

UN vs UN 3.56 36 | 10 

DN vs DN 1.76 36 |} NS 
Brainstem vs cortical | 

UN vs UN 2.03 38 NS 

DN vs DN 3.24 38 a10 


NS - Not significant. Other abbreviations same as Table 13. 


ease the average difference across patients as well as 
the highest observed value are smaller by a factor of 
two. These data suggest that on its own DP would 
not provide a good diagnostic index of abnormality. 
The range of values of DP for cortical lesions, both 
mass and infarctions (or parietal versus nonparietal 
lobe) are not different in absolute value from those 
of the other groups. However, in the case of infarc- 
tions we note that the direction of difference is 
significantly related to the laterality of the lesion 
(beating more strongly toward the lesion). In mass 
lesions it is unrelated. 


For vertical OKN, lesion laterality was not taken 
into account and in all statistical comparisons the 
direction of nystagmus was held constant, either 
upbeating or downbeating. 


The values observed for normal subjects are on 
the average 20° less than those for horizontal OKN. 
For brainstem subjects horizontal and vertical OKN 
are comparable. In terms of the maximum response 
observed for vertical OKN, normal subjects produce 
significantly higher values than do patients with 
focal brainstem lesions. Cortical lesions result in 
significantly lower values for upbeating but not 
downbeating nystagmus. A comparison of results 
between groups for a bar speed of 20° shows that 
the only group different from normal was the brain- 
stem, but for upbeating not downbeating nystag- 
mus. 


TABLE 15. SIGNIFICANT DIFFERENCES IN VERTICAL 
OKN OBSERVED FOR A BAR SPEED OF 20°/SEC 


t df a 
Within-group comparisons No significant differences 


Between-group comparisons 
Nomani vs brainstem 


UN vs UN 2.28 30 05 


DN vs DN No significant differences 
Labyrinthectomy vs brainstem 

UN vs UN 2.13 29 .05 

DN vs DN No significant differences 
Brainstem vs cortical 

UN vs UN 2.16 38 .05 

DN vs DN 2.16 38 .05 


Abbreviations same as Table 13. 
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SUMMARY 


The experimental results discussed above provide 
statistical confirmation for OKN findings previous- 
ly reported in the literature. In summary, we find 
that compared with any other diagnostic category, 
the maximum slcw phase velocity of OKN for the 
range of bar speeds studied is significantly reduced 
in patients with brainstem lesions. Patients with 
cortical lesions fal! midway between the normal 
and brainstem groups and give significantly higher 
values on the average than the latter. Directional 
differences were investigated as an alert to the later- 
ality of lesion and it was noted that in the case of 
chronic unilateral peripheral vestibular disease, 
nystagmus beat less strongly when the targets 
moved toward the lesion. The opposite was true for 
cortical infarctions located in the parietal region. 
An unexpected finding was the elevation in eye 


speed for very low target speeds in the case of pa- 
tients with chronic unilateral labyrinthectomy and 
Meniere's disease. 


While the above conclusions are statistically sig- 
nificant, by itself the measurement of OKN is of 
limited use for purposes of clinical diagnosis. The 
distributions of observed maximum slow phase ve- 
locities for individuals in the various patient groups 
overlap considerably. The optimum criterion or 
cut-off value for decision-making leads to high error 
rates in predicting the presence of a lesion. While 
DPs were found to be related to the side of lesion for 
patients with either peripheral vestibular or cortical 
disease, the absolute size of the difference between 
the maximum slow phase velocity for nystagmus 
beating toward and away from the side of lesion 
was not different from the difference between left 
and right beating nystagmus in normal subjects. 
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This report demonstrates that preoperatively the radiologist can prowide the surgeon with the size, extent, origin and probable 
histology of a parapharyngeal space tumor. Using this imformation, the surgeen can then determine the best surgical approach for complete 


and safe tumor excision. 


Neoplasms involving the parapharygeal space 
present a formidable challenge to the clinieiar with 
regard to both their preoperative diagnosis ard the 
specific technique of their surgical removal Im- 
proved preoperative evaluation now allows a more 
accurate assessment of the tumors involving this 
space. The purpose of this paper is to present 2 tech- 
nique for the systematic preoperative evaluat on of 
these lesions. This process has provided a method 
which allows one not only to accurately map tne ex- 
tent of the tumor, but in addition, to correctly es- 
tablish the histologic diagnosis preoperatively in 
many cases. From this information, a raional 
surgical approach for the tumor removal can be se- 
lected. This method of management has ewolved 
from the authors’ experience in assessing and 
treating 30 patients with tumors involving the 
parapharyngeal space. 


ANATOMY 


An understanding of the anatomy of bota the 
parotid gland and the parapharyngeal space is es- 
sential to appreciate the findings upon which the 
radiologist bases his diagnosis and the surgeon plans 
his operative approach. 


The major portion of the parotid gland (30%) 
rests primarily upon the outer surface o the 
masseter muscle and the mandibular ramus (Fig. 
1). It is situated above a line drawn between the 
mastoid process tip and the angle of the mandible 
and lies below the zygomatic arch. The pos-erior 
margin can have identations from the adjaceat ex- 
ternal acoustic meatus, the mastoid process and the 
anterior border of the sternocleidomastoid m uscle 
(SCM). The deep lobe, or retromandibular pe rtion 
of the parotid gland, extends medially betwee the 
posterior border of the mandible and the an<erior 
margin of the SCM muscle. It then proceeds to 
course in front of the posterior belly of the dia- 
gastric muscle, rests lateral to the styloid m uscle 
group and abuts upon the posterior surface ef the 


internal pterygoid muscle and the mandibular 
ramus. 


The facial nerve descends from the stylomastoid 
foramen and courses laterally to lie between the 
posverior belly of the diagastric muscle and the SCM 
muscle. It then enters the posterior surface of the 
parotid gland. After it penetrates the parotid, it 
die-des within the substance of the gland into its 
major divisions. The main parotid vessels are the ex- 
termal carotid artery and the posterior facial vein, 
bota of which traverse the gland in its immediate 
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Fig. 1. Normal anatomy of the left parotid gland and 
parapharyngeal space viewed obliquely and from above. 

- Pharynx; SPC - Superior pharyngeal constrictor mus- 
cle; T - Tonsil; B - Buccinator muscle; Ms - Masseter mus- 
cle; SCM - Sternocleidomastoid muscle; D - Posterior belly 
ef digastric muscle; IP - Internal pterygoid muscle; M 
- Mandible; IC - Internal carotid artery; IJ - Internal 
= ye vein; P - Parotid gland; F - Facial nerve; A - Exter- 

carotid artery; V - Posterior facial vein. (Reprinted 
with permission from Som and Biller.’) 


From the Departments of Radiology and Otorhinolaryngolocy, The Mount Sinai Hespital and School of Medicine of the City University of New York. 
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Fig. 2. Nermal anatomy of the left f maie gland and parapharyngeal space viewed obliquely and from above. The 


fascial planes have been emphasized to 
space; B - Retrostyloid space; C - Retropharyngeal space. 


retromandibular region or its narrow waist-like 
isthmus. The parotid gland is not divided into 
anatomically separate superficial and deep lobes. 
Rather, this division is an artificial one and is 
established by a plane between the site of the facial 
nerve trunk’s entrance into the posterior portion of 
the parotid gland and the posterolateral margin of 
the mandibular ramus anteriorly. Any parotid 
tissue lying medial to this plane is considered to be 
in the deep lobe of the gland. The external carotid 
artery and the posterior facial vein are in this deep 


lobe. 


The entire gland is enclosed within a fibrous cap- 
sule which is continuous with the deep cervical 
fascia. There are two separate groups of lymph 
nodes that are in relationship to the gland: a super- 
ficial group which is under the outer parotid fascia 
and a deep group which is both within the sub- 
stance of the gland and on its undersurface. They 
all drain into the superior deep cervical nodal 
chain. 


The main parotid duct (Stensen’s duct) exits the 
gland at its anterior border, usually under the body 
of the zygoma. It crosses the masseter muscle and 
buccal fat pad before it turns sharply medially to 
pierce the buccinator muscle and buccal mucosa, 
then opens intraorally opposite the second upper 
molar tooth. Stensen’s duct lies at a topographic 
level approximated by a line drawn between the 
lower margin of the external auditory meatus and a 
point just above the commissure of the lips. A small 
accessory parotid gland is present in about one fifth 
of the cases. It usually rests above Stensen’s duct 
and lies anterior to the main parotid gland.'* 


emonstrate the three compartments of the parapharyngeal space. A - Prestyloid 


The parapharyngeal space is roughly in the shape 
of an inverted pyramid whose base is the base of the 
skull and whose apex is the greater cornu of the 
hyoid bone. The medial border of this potential 
space is the superior pharyngeal constrictor muscle 
and the tonsillar fossa. The lateral boundary is 
formed respectively from anteriorly to posteriorly 
by the internal pterygoid muscle, the inner surface 
of the ramus of the mandible, the deep lobe of the 
parotid gland and the posterior belly of the diagas- 
tric muscle. The posterior boundary is the vertebral 
column and the paravertebral muscles. Within the 
fibro-fatty supporting connective tissue matrix of 
this space are the internal carotid artery, the inter- 
nal jugular vein, the styloid group of muscles, 
cranial nerves IX, X, XI, XII, the sympathetic nerve 
chain and lymph nodes. 


Since the base, posterior and lateral walls are 
bony, masses arising within this space enlarge medi- 
ally and downward where the boundaries are only 


TABLE 1. HISTOLOGY OF PARAPHARYNGEAL SPACE 


TUMORS (N = 30) 


Mixed tumor of the deep lobe of the parotid 5 


Mixed tumor of the palate 3 
Paraganglioma 5 
Schwannoma 6 


— 
jum 


Miscellaneous 


Metastatic tumor 
Branchial cleft cyst 
Liposarcoma 
Meningioma 
Lymph node 
Chordoma 
Fibrosarcoma 
Hemangioma 
Lymphangioma 


— DO DO 
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composed of soft tissue structures and are thas pli- 
able. Because of this, the most common pk vsical 
findings are medial bulging of the lateral pl aryn- 
geal wall and tonsillar fossa as well as a downward 
and medial displacement of the palate ane or a 
mass just below the angle or body of the mandible, 
near the greater cornu of the hyoid bone. 


The parapharyngeal space can be divided into 
three compartments by its fascial planes (Fiz. 2). 
The fascia enveloping the styloid process and its 
muscles extends anteromedially to merge with the 
fascia surrounding the tensor veli palatini muscle. 
This divides the parapharyngeal space into an an- 
terior (prestyloid) and posterior compartment. Fas- 
cia from the carotid sheath extends from this plane 
posterolaterally to the prevertebral fascia and so 
divides the posterior compartment into the lateral 
(retrostyloid) and medial (retropharyngeal) eom- 
partment. The convergence of these fascial spaces 
takes place just below and lateral to the apex of the 
fossa of Rosenmiiller. 


These compartments are important primarily in 
relation to spread of nasopharyngeal neoplzsms: 
however, certain diagnostic criteria and surgical re- 
lationships are made clearer by reviewing thei- ana- 
tomy. 


The prestyloid space contains the internal and ex- 
ternal pterygoid muscles, the mandibular condyle 
and ramus, and the deep lobe of the parotid gland. 
The internal maxillary artery and the lingual, in- 
ferior dental and auriculotemporal nerves alse pass 
through this space. The lateral nasopharyngea_ wall 
and the fossa of Rosenmiiller superiorly and the ton- 
sillar fossa inferiorly relate to the medial wall af the 
prestyloid space. Directly above lies the gmeater 
wing of the sphenoid bone with the foramen vvale 
and foramen spinosum as well as access into the 
temporal fossa. The floor of this compartment 5 re- 
lated to the submaxillary gland. Disease in this 
space can cause trismus (pterygoid muscle involve- 
ment), bulging of the tonsillar fossa and depression 


Fig. 3. A) Normal CT sialogram taken parallel to 
the IOM plane. Contrast is seen in Stensen’s duct 
(white arrow) and the left parotid gland (p). The 
lucency in the immediate retromandibular region of 
the gland (black arrow) represents the area of the 
normal external carotid artery and the posterior 
facial vein. m - Mandible. B) Normal CT sialogram 
taken parallel to SOM plane. Normal fat tissue 
planes (dark areas) are seen adjacent to the internal 
pterygoid muscle (white arrows) and the medial ex- 
tent of the parotid deep lobe (black arrow). 


of ~he soft palate, as well as sensory and motor in- 
volvement of the third division of the trigeminal 
nerve. The facial nerve rarely can be involved via 
disease extension in the parotid gland. 


The retrostyloid space contains the internal caro- 
tid artery, internal jugular vein, the four caudal 
cranial nerves and the cervical sympathetic chain. 
It also contains numerous lymph nodes. Involve- 
mezt of this compartment can be either by direct 
extension or by metastatic lymph node disease. 
Clicically, symptoms relate primarily to involve- 
ment of cranial nerves IX, X, XI, XII and the cervi- 
cal sympathetic nerves. 


Tae retropharyngeal space is near the midline by 
pos tion and separates the nasopharynx from the 
prevertebral muscles and nodes. The node of Rou- 
viere in particular may be involved by metastatic 
disease. Symptoms are uncommon, but disease ex- 
tenson can progress posteriorly into the spine or 
anterolaterally into the retrostyloid space.*- 


ANALYSIS OF CASES 


Thirty patients presenting with a parapharyngeal 
mas were admitted and operated upon by the Oto- 
larymgology Service of The Mount Sinai Hospital 
between 1972 and 1980. Most patients were asymp- 
tomatic and their mass was either discovered by the 
patient or by an examining physician. All patients 
exhibited a bulge of the lateral pharyngeal wall. 
Most patients had a visible or palpable mass, or 
fullmess at the angle of the mandible. When present, 
symoatoms varied with the size of the tumor and its 
histologic character. These included aural fullness. 
sore throat, difficulty in swallowing, voice change, 
nase. obstruction and symptoms secondary to 
pare ysis of cranial nerves IX, X, XI or XII. The 
histelogy of the tumors is shown in Table 1. 


RAD OLOGIC PREOPERATIVE EVALUATION 


A parotid sialogram is performed first. Ethio- 
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dal® is used as the contrast medium, but a water- 
soluble contrast material (Sinografin® ) can also be 
used. After filmirg, the patient is moved to the CT 
scanner with the sialographic cannula still in posi- 
tion. This step is important because the in-place 
cannula inhibits the rapid emptying of the contrast 
material from the parotid gland. This in turn in- 
sures the maximum visualization of the parotid 
gland on the CT scan. 


One of the dificulties with the water-soluble 
contrast agents 5 that if the patient cannot be 
placed on the scanner immediately, the contrast 
material may resorb by the time the scan is per- 
formed. A reinjection at the time of the scanning is 
then necessary to eliminate this problem. 


Before the scar is started, intravenous contrast is 
administered either by a bolus (50 ce Renographin 
60® ) or an IV drip (300 cc Reno-M-Dip® ). The scan 
is then preferably performed parallel to the inferior 
orbital-meatal lire (IOM), from the lowermost pal- 
pable margin of the mass (usually just below the 
angle of the mandible) up to the level of the tem- 
poromandibular oint. 


An alternate scheme is to start the scan and if the 
mass is seen to be parotid in origin, no intravenous 
contrast need be given. If the mass is extraparotid, 
then the contra:t is administered. Although this 
technique may be slightly more time-consuming, it 
avoids giving intravenous contrast to patients who 
will not benefit from it. 


Many times patients may have considerable scan 
artifacts caused dy metal fillings in the mandibular 
and/or maxillarr teeth. If these artifacts degrade 
images of particular interest, realigning the scan 
parallel to the siperior orbital-meatal line (SOM) 
usually allows visualization of the desired levels, al- 
beit with a slightly altered anatomical appearance 
due to the scan angle (Fig. 3). On those patients 
with an enhaneing extraparotid parapharyngeal 
mass, a carotid angiogram via femoral catheriza- 
tion is performed prior to surgery.*® 


Fig. 4. A) CT sialogram of a nonenhancing extra- 
parotid minor salivary gland benign mixed tumor 
(T). Note the lucent line (arrow) between the tumor 
and the contrast-filled parotid deep lobe (p). B) 
Open mouth picture of same patient showing full- 
ness of the right soft palate and lateral pharyngeal 
wall. 


INTERPRETATION OF THE RADIOGRAPHIC STUDIES 


The purpose of the combined CT sialogram is 
twofold. First, to allow differentiation of a deep 
lobe parotid tumor from an extraparotid paraphar- 
yngeal space mass, and second, to evaluate whether 
the tumor is an enhancing or nonenhancing mass. 
The sialographic contrast allows maximal visualiza- 
tion of the parotid gland margins. If a lucent line 
(zone of decreased attenuation) is seen on the CT 
scan between the posterolateral margin of the 
parapharyngeal mass and the contrast-filled paro- 
tid gland, then the mass is extraparotid in origin 
(Figs. 4 and 5). This line need not be seen on all 
scans, but if present it should be seen on most cuts 
through the main body of the tumor. A line usually 
will be seen at the extreme upper and lower margins 





Fig. 5. The parapharyngeal space seen obliquely and 
from above illustrates a minor salivary gland tumor (T) 
growing from the lateral pharyngeal wall. The arrow 
points to the fibro-fatty tissue of the parapharyngeal space 
compressed between the mass and the parotid gland. This 
gives the lucent line seen on CT scanning. 


TUMORS OF THE PARAPHARENGEAL SPACE 





of the mass, but it is not diagnostic in these regions. 
This line represents the fibro-fatty supperting 
matrix of the parapharyngeal space as it is com- 
pressed between the mass and the deep lobe of the 
parotid gland. If no line is seen on the midtumor 
scans, then the mass is a deep lobe parotid tumor 


(Figs. 6 and 7).*° 


As each generation of new scanners brings better 
resolution, it is now possible to outline the parotid 
gland without first doing a sialogram. However, 
one cannot obtain routine sialographic inform ation 
about the tumor (abrupt ductal cutoff or ductal dis- 
placement) and one will not be able to consis-ently 
localize the lucent line against the normal decreased 





Fig. 7. The parapharyngeal space seen obliquely and 
from above illustrates a deep lobe parotid gland tumor “T). 
Since the mass originates from the parotid gland, the-e is 
no intervening compressed fibro-fatty tissue (compar to 
Fig. 5). 


=] 


Fig. 6. A) CT sialogram reveals a right para- 
panned space nonenhancing mass with no 
ucent line between the mass and the contrast- 
filled parotid gland (p). Deep lobe parotid mix- 
ed tumor. B) Open mouth picture of same pa- 
tient showing a bulging of the right soft palate 
and lateral pharyngeal wall. Clinically it is 
similar to Fig. 4B. 


attenuation of the parotid gland. Since this is a 
crucial point in the workup, a sialogram is per- 
formed routinely to allow the greatest accuracy, re- 
liability and return of information from this study. 


NONENHANCING PARAPHARYNGEAL SPACE MASSES 


Less than 10% of all parotid tumors are located 
in the deep lobe. Of these deep lobe tumors, 
80-30% are benign mixed tumors and the remain- 
ing lesions of significance are acinic cell, adenoid 
cystic and mucoepidermoid carcinomas. If the sial- 
ogram does not detect the malignant nature of the 
carcinoma, malignant tumors of the deep lobe can- 
not be differentiated preoperatively. Symptomat- 
ically, malignant deep lobe parotid tumors can be 
suspected if pain and facial paresis are present.’ 





Fig. 8. CT sialogram reveals a dumbbell-shaped mixed 
tumor of the parotid deep lobe. It is a nonenhancing mass. 
Contrast material from the sialogram is seen lying on the 
medial surface of the mass (arrow) in displaced parotid 
cucts. 
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Fig. 9. Lateral £ Im from subselective carotid angiogram 
reveals verv minin al tumor vascularity. This was a benign 
mixed tumor of minor salivary gland origin and did not en- 
hance on the CT scan. 


A special comment should be made about the 
configuration of deep lobe parotid tumors. There 
are two shapes, tae dumbbell and the round (Figs. 
6-8). Most have the hourglass or dumbbell configur- 
ation which resu ts from the tumor arising in the 
deep lobe lateral to the stylomandibular tunnel. As 
the mass grows medially, its growth is physically re- 
stricted by this tunnel and further expansion only 
can occur deep te this area. Thus a mass is seen on 
each side of the stylomandibular tunnel with its 
waist marking the location of this structure.” 


If the tumor arises deep to the stylomandibular 
tunnel, it grows as a rounded mass. This appear- 
ance is less common than the dumbbell shape and 
may be more eas ly clinically confused with an ex- 
traparotid pharyngeal mass. 


Most parapharyngeal tumors are salivary in ori- 
gin, arising in the parotid gland or from minor sali- 
vary glands. All ef the minor salivary gland lesions 
in our series were benign mixed tumors and oc- 
curred either in the palate or the lateral pharyngeal 
wall (Fig. 5). None of these tumors enhanced and 
since carotid angiograms performed on several of 
our cases failed to reveal a significant vascular blush 
or tumor vascularity, we no longer believe it is 
necessary to dc angiograms on nonenhancing 
masses (Fig. 9). No significant additional informa- 
tion was gained trom this invasive procedure. 





Fig. 10. CT sialogram reveals a slightly nodular right 
parapharyngeal mass (n) with a lucent line between it and 
the contrast-filled parotid gland (white arrow). In addi- 
tion, there is osseous destruction of the right anterior max- 
illa (black arrow). Metastatic squamous cell carcinoma to 
bone and pharyngeal space nodes. 


Lymphomatous and metastatic nodal involve- 
ment of the parapharyngeal space also appeared as 
a nonenhancing mass. No large solitary mass was 
identified as with minor salivary gland lesions and 
in most cases the slightly nodular contour suggested 
a nodal lesion (Fig. 10). 


A variety of miscellaneous lesions have been 
reported in the parapharyngeal space. There is 
nothing unique or specific about their appearance 
on the scan. It is only the rarity of these lesions that 
makes them an unlikely diagnosis.’ 


LOW DENSITY PARAPHARYNGEAL MASSES 


Lipomas, liposarcomas and hibernomas rarely 
involve the parapharyngeal space. Their fat content 
should allow identification as a low attenuation 
mass on CT scan (Fig. 11). Dermoids and teratomas 
have been reported to occur in the parapharyngeal 
space. In addition to low density areas, these lesions 
may have areas that are either isodense or calcified, 
suggesting their diagnosis. 


ENHANCING PARAPHARYNGEAL MASSES 


The only deep lobe parotid tumor that signifi- 
cantly enhances is the hemangioma. The most com- 
mon enhancing extraparotid lesion is the schwanno- 
ma which accounts for nearly 20% of all paraphar- 
yngeal space lesions. The sites of origin are primar- 
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Fig. 11. Nonenhanced CT scan reveals a ləft 
parapharyngeal space mass of decreased attenuation. 
(Liposarcoma.) 


ily the vagus nerve and the sympathetic chain. 
Usually they occur as solitary masses which may or 
may not cause symptoms referable to the nerve of 
origin. Often symptoms are produced by adjacent 
nerves which are stretched over the tumor mass. 
Almost all are benign and enhance with contrast. 
Since areas of hemorrhage or cystic degenezation 
can occur, some tumor areas may not enhance. with 
this irregular enhancement actually suggestirg the 
specific diagnosis (Fig. 12A,B). 


An angiogram will usually show anteron edial 








Fig. 13. Lateral subtraction film from a carotid 
angiogram reveals an avascular mass bowing and displac- 
ng the internal and external carotid arteries. (Schwan- 
ioma.) 


displacement of the internal carotid artery although 
because of the variable location and level of occur- 
rence within the retrostyloid space this antero- 
mecial displacement is not constant (Fig. 13). These 
are basically avascular lesions and the contrast 
enhancement appears to be on the basis of extravas- 
cular accumulation of the contrast medium. 


Neurofibromas are rare and usually occur as mul- 
tit ke lesions. There need not be an association with 
neurofibromatosis. Roentgenographically, they are 
indistinguishable from schwannomas. 


Fig. 12. A) CT sialogram reveals a slightly en- 
hanced extraparotid right parapharyngeal space 
mass (s). The internal carotid artery is pushed 
anteriorly (arrow). B) CT sialogram at slightly 
different level reveals the mass to have a 
decreased attenuation. (Schwannoma.) 
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Paragangliomas of the parapharyngeal space rep- 
resent tumors arising from the carotid body or from 
glomic tissue asseciated with the ganglion nodosum 
of the vagus nerve. Usually the carotid body lesions 
are located lower in the neck and only 8% extend 
into the parapharyngeal space (Fig. 14). On the 
other hand, two thirds of the glomus vagale tumors 
are parapharyngeal in position (Figs. 15 and 16). 
These lesions uniformly enhance and show a char- 
acteristic pattern of vascularity on carotid an- 
giography. The tumor vasculature is maximally dis- 
tended with the angiogram, consequently the 
paragangliomas always appear larger arteriograph- 
ically than at surzery. The CT scan gives a more ac- 
curate assessment of the actual tumor size. 


Meningiomas and metastases can extend down- 
ward into the parapharyngeal space from the skull 
base. Our case of meningioma was diagnosed pre- 
operatively because of the detection of an intra- 
cranial component of the tumor (Fig. 17). At the 
time the CT scan is performed, the person monitor- 


Fig. 15. A) CT siaogram reveals an enhanc- 
ing extraparotid parapharyngeal space mass (ar- 
rows). B) Lateral anod angiogram film 
reveals typical parazanglioma vascular stain. 
(Glomus vagale tumer.` 





Fig. 14. A) Contrast-enhanced CT scan of the 
lower parapharyngeal space reveals an enhanc- 
ing mass deep to the pharyngeal musculature 
(arrow). B) Lateral film from the end of a 
subselective carotid angiogram reveals the 
typical vascular pattern of a paraganglioma. 


(Carotid body tumor.) 


ing the examination must continue taking scans up- 
wards through the base of the skull and intracran- 
ially if the parapharyngeal tumor is seen to extend 
up to the skull base. In this way, destruction of the 
skull or intracranial disease will not be overlooked. 


SELECTION OF SURGICAL EXPOSURE FOR TUMOR 
RESECTION 


The ability to accurately assess preoperatively 
both tumor size and in most cases the tumor histol- 
ogy allows selection of an appropriate surgical ex- 
posure. This exposure should enable total tumor ex- 
tirpation with the least incidence of morbidity and 


tumor recurrence. 


The approaches to the parapharyngeal space in- 
clude 1) peroral, 2) cervical with or without angle 
mandibulotomy, 3) transparotid-cervical with or 
without angle mandibulotomy, and 4) cervical- 
transpharyngeal with midline mandibulotomy. 


Peroral Excision. This approach can be utilized 
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Fig. 16. The parapharyngeal space seen obliquety and 
from above illustrates a vascular tumor mass (T) arismg 
from within the parapharyngeal space. The compressed fi- 
bro-fatty tissue (arrow) is seen between the mass and he 
parotid deep lobe. (Paraganglioma.) 


for small mixed tumors arising from the palcte or 
lateral pharyngeal wall. The size of the tumer and 
the fact that it is most likely a mixed tumæ are 
determined by the preoperative evaluation. Peroral 
removal alone should be reserved for tumors which 
do not as yet extend to the area of the styloic pro- 
cess. When the tumor is large and extends up ʻo the 
styloid process, a combined technique is preferred. 
This consists of a cervical approach with separation 
of the tumor by blunt dissection followed by tumor 
removal perorally. The resulting space available for 
tumor removal is larger when utilizing a peroral ap- 
proach than it is when using the cervical approach. 


Fig. 17. A) Axial CT enhanced study reveals a 
partially calcified enhancing parapharyngeal space 
mass. B) Coronal CT scan reveals the extent of the 
calcified enhancing mass not only in the paraphar- 
yngeal space, but k: As intracranially (arrow). (Men- 
ingioma.) 


Therefore, tumor rupture is more likely to occur 
when using the cervical approach alone. In addi- 
tion, the peroral technique allows excision of the 
mucosa if a prior transoral biopsy has been per- 
formed. 


Cervical Approach. The cervical approach in- 
volves a transverse incision at the level of the hyoid 
bone. The submaxillary gland and the fascia are in- 
cised and the gland is reflected superiorly. The di- 
gastric tendon is followed posteriorly until the stylo- 
glossus muscle and the stylohyoid ligament are iden- 
tified. These structures are severed and the para- 
pharyngeal space is entered. Exposure is limited, 
but blunt finger dissection is possible and a para- 
pharyngeal space tumor of small size can be re- 
moved. This technique, therefore, is reserved for 
small extraparotid tumors. Its disadvantage is the 
limited exposure medially, superiorly and posterior- 
ly. This necessitates finger dissection and results in 
poor control of vascular structures at the skull base. 
In addition, there is limited room for extraction of 
the tumor mass. The operative field may be im- 
proved by dislocating the mandible anteriorly. If 
there is still insufficient room, an osteotomy may be 
per‘ormed at the angle of the mandible without 
facial nerve exposure (Fig. 18). 


Transparotid-Cervical Approach. This approach 
is utilized for deep lobe parotid tumors. Routine 
isolation of the facial nerve is necessary to avoid its 
injury. A superficial lobectomy is then performed 
and the branches of the facial nerve are retracted. If 
necessary, the styloid process is sectioned, the man- 
dible is dislocated anteriorly and then the tumor is 
removed by blunt dissection (Fig. 19). If the tumor 
is so large that there is insufficient exposure to avoid 
the pessibility of tumor rupture during removal, an 
osteotomy is performed at the angle of the mandi- 
ble. This osteotomy transects the inferior alveolar 
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Fig. 18. D agram of the transcervical approach with an osteotomy. A) a - Incision; b - Osteotomy outline; c - Exposure. 
Note that the facial nerve is not exposed. B) d - Rewiring osteotomy; e - Closure. 


nerve. The resulting exposure is limited at the base 
of the skull medial_y and posteriorly. Extraction of 
the tumor is usually accomplished by blunt finger 
dissection and imury to the lingual nerve is likely. 


Cervical-Transpharyngeal with Midline Mandib- 
ulotomy. This adproach is primarily reserved for 
the large extrapa-ozid parapharyngeal space tumors 
which are vascular and for which maximum expo- 
sure at the base cf skull is required both for control 
of bleeding and tumor removal. However, its wide 
exposure is also excellent for removal of large 
tumors involving the parotid deep lobe and for deep 
lobe lesions which are thought to be malignant. 


A tracheotomy is required. Exposure is accom- 
plished via a transverse incision at the level of the 
hyoid bone, the medial limb of which extends su- 
periorly to split the lip in the midline (Fig. 20A). A 
midline osteotomy is performed with a Gigli saw 
after drill holes are made (Fig. 20B). The osteotomy 
cut is beveled both in the vertical and horizontal 
planes. The floor cf the mouth is incised along the 
lateral gutter midway between the alveolus and the 
tongue. The incision is extended to the superior as- 
pect of the anter or tonsillar pillar (Fig. 20C). The 
lingual and hypoglossal nerves are identified and 
preserved. The mandible is retracted laterally after 
severing the floor of the mouth musculature (Fig. 
20D). The internal and external carotid arteries are 
identified and secured with tapes. The submaxillary 
gland is retracted superiorly and the external 
carotid artery is ligated and divided. Exposure is 
now adequate for tumor excision. If this approach is 
used for deep lobe parotid tumors, then the facial 
nerve is isolated. Interdental wiring is not required 


at closure (Fig. 20E). The disadvantages of this ex- 
posure are the necessity of tracheotomy, a tem- 
porary lingual nerve deficiency, and a minimal cos- 
metically detracting scar. 


DISCUSSION 


The symptoms relating to a parapharyngeal 





Fig. 19. Diagram of the transparotid approach. a) In- 
cision. b) The facial nerve is identified and a superficial 
parotidectomy is performed. The tumor is then extracted 
inferior to the facial nerve. An osteotomy can also be per- 
formed. 
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Fig. 20. Diagram of the cervical transphamyngeal approach. A) I zision; B) Osteotomy — midline; C) Following man- 


dibulotomy, the foor of the mouth is incised pæsesving the lingual ere hypoglossal nerves. The mucosal incision is then ex- 
tended upward to the anterior tonsillar sae end the palate. D) Retraction of the mandible yields an excellent exposure of 


the parapharyngeal space. E) Mucosal c 
tal wiring is not required. 


space tumor are usually minimal. In most cases, the 
patient is incidentally noted to have a bulge in the 
lateral pharyngeal wall on routine examin.ticn, or 
the patient notices a mass at the angle of the mandi- 
ble. Involvement of the four caudal crania. nerves, 
or the sympathetic chain, may be present with tu- 
mors that are large or malignant, most commonly 
schwannomas, or paragangliomas. Facial rerve pa- 


osure 3 wih interrupted su*Lzes, with wires closing the mandibulotomy, Interden- 


ralysis is always related to malignant tumors of the 
deep lobe. Eustachian tube obstruction resulting in 
hea~ng loss may be present. Throat discomfort, 
dyspiagia, nasal obstruction, or a change in voice 
may also occur. 


Ptysical diagnosis establishes that the paraphar- 
ynz=al space is expanded, a bulge of the lateral 


14 SOM ET AL 


pharyngeal wall being present. If the tumor is large 
enough, a mass at the angle of the mandible will 
also be palpable. Smaller masses may require bi- 
manual palpaticn to diagnose any parapharyngeal 
space involvement. A preauricular discrete mass 
associated with Etteral pharyngeal wall bulging in- 
dicates a bilobed tumor of the parotid gland. In- 
volvement of the retromandibular extension of the 
parotid gland wal result in a mass which cannot be 
differentiated oa physical examination from any 
other parapharyngeal space tumor. Similarly, 
minor salivary g and tumors which originate in the 
pharynx and enlarge sufficiently to extend into the 
parapharyngeal pace cannot be distinguished clini- 
cally from any cher parapharyngeal space tumor. 
Although some sırgeons” feel that the character of 
the oral mass permits differentiation between a 
deep lobe parotd and a tumor of minor salivary 
gland origin, the authors are of the opinion that this 
differentiation is not possible. In addition, it is dif- 
ficult to differeatiate even at surgery whether a 
large mixed tumer arises from a major or minor sali- 
vary gland. This is because the usual mode of tumor 
removal is one o blunt dissection and therefore the 
attachment to the parotid may not be discernible. 


Palpable pulsetions over the mass are inaccurate 
for evaluating ntrinsic tumor vascularity. Fre- 
quently the pulsztions are transmitted, or converse- 
ly, vascular tumers may not cause pulsations. Physi- 
cal examination alone, therefore, is only diagnostic 
of an expanded parapharyngeal space and does not 
reveal the specfic tumor type. Multidirectional 
tomograms and 2onventional sialograms, likewise, 
do not aid in di=inguishing the type of tumor pre- 
sent. It was the advent of the CT scan and the CT 
sialogram that has allowed a more systematic pre- 
operative evaluzion which gives the following in- 
formation: 1) devermines which tumor requires pre- 
operative angiography, 2) determines the size and 
extent of the tumor, 3) differentiates between 
parotid and extraparotid origin, and 4) suggests in 
many cases the probable histology. 


Initially, angiography was advocated in selected 
cases in which tae tumor was thought to be vascu- 
lar.° Later. it wes employed routinely in all cases of 
parapharyngeal space tumors.''"'* This allowed a 
preoperative dicgnosis of vascular lesions which 
were usually eitaer carotid body or glomus vagale 
tumors. Rarely, ‘-ibrosarcomas and malignant histi- 
ocytomas demcnstrate a vascular stain. Dis- 
placement of th- internal carotid artery anteriorly 
by an avascular mass was frequently diagnostic of 
schwannomas arising primarily from the vagus 
nerve or sympatnetic chain. 


Angiography s of no diagnostic value with the 
mixed tumor, which represents the majority of 
parapharyngeal space tumors. If the tumor does not 
enhance on the &T scan, angiography is noncontri- 
butory in virtually all cases. Exceptions would be 


related to a huge tumor size, or the suspicion of a 
malignancy with vascular encasement or invasion. 
Thus, using these criteria, an invasive procedure 
with a low but recognized morbidity can be avoided 
in the majority of cases. 


The CT scan also allows accurate assessment of 
the extent of tumor involvement. This is particular- 
ly important in establishing whether intracranial 
extension and/or pterygopalatine space involve- 
ment has occurred. Either of these situations re- 
quires additional surgical exposure. 


The ability to preoperatively differentiate be- 
tween a parotid and an extraparotid mass is critical 
if the correct surgical approach is to be planned. 
Until the present time all parapharyngeal space tu- 
mors were excised through either a cervical or trans- 
parotid approach with isolation of the facial 
nerve.®!* Although peroral excision has been used 
extensively in the past,'®'® recent authors have con- 
demned it because of the risk of hemorrhage and in- 
ability to control bleeding, the chance of tumor 
rupture or subtotal removal, the possibility of facial 
nerve injury, and wound contamination with subse- 
quent infection.*"'* A transparotid approach with 
facial nerve dissection is essential for all deep lobe 
tumors. However, a superficial parotidectomy and 
facial nerve exposure is not necessary if the lesion is 
extraparotid in origin. In these cases, a transcer- 
vical approach can be utilized with anterior 
displacement of the submaxillary gland. The tumor 
removal is usually by blunt finger dissection. How- 
ever, the medial, posterior and superior dissection is 
not performed under direct vision because of the 
limited exposure. If the tumor is too large to ex- 
tract, with the danger of capsular rupture, anterior 
dislocation of the mandible and fracture of the 
styloid process can be performed to increase the size 
of the operative field. All attempts should be made 
to avoid rupture of a mixed tumor’s capsule because 
of the associated high recurrence rate. If tumor rup- 
ture is still imminent, an osteotomy at the angle of 
the mandible will further widen the field. Unfor- 
tunately, this osteotomy does not enhance the ex- 
posure medially, posteriorly, or superiorly; it also 
severs the inferior alveolar nerve and frequently the 
lingual nerve. Once an extraparotid mixed tumor is 
mobilized and there still appears to be limited space 
for removal inferior to the mandible, another route 
of extraction is possible. Although transoral tumor 
removal is dangerous because of the possibility of 
poor control of bleeding and the greater incidence 
of capsular rupture while trying to free the tumor 
laterally, peroral extraction can be safely combined 
with transcervical mobilization of the tumor. The 
resulting space for extraction is greater via the oral 
cavity than it is through the neck incision without 
an angle osteotomy. This alternative to osteotomy 
should be considered especially if a previous trans- 
oral biopsy has been performed which requires exci- 
sion of the biopsy site. 
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Fig. 21. Flow chart summarizing 
preoperative evaluation of paraphar- 
yngeal space tumors. 


benign mixed tumor | 


Tumors which extend to the skull base are usually 
schwannomas or paragangliomas and require creat- 
er exposure than that provided by the tran:cervical 
or transparotid approach with angle osteotomy. 
The cervical-transpharyngeal approach with a mid- 
line osteotomy provides complete exposure medi- 
ally, posteriorly and at the skull base. It thus pro- 
vides maximal vascular control. The carotid artery 
is covered with prevertebral fascia or a dermal graft 
at the end of the procedure to prevent carotid rup- 
ture in the event of a postoperative infection secon- 
dary to oral suture line dehiscence. This latter ap- 
proach has proven to be more advantageeus than 
the previously cited methods and the cosmetic 


evaluation | 


defarmity is minimal. In addition, there is no func- 
tional deficiency or injury to the lingual or inferior 
alveslar nerves. 


Tae flow chart shown in Figure 21 summarizes 
our preoperative evaluation of parapharyngeal 
spac= tumors. By utilizing it, mixed tumors, para- 
gargiiomas and schwannomas can be clinically 
idencified with a high degree of confidence. Since 
these tumors comprise 70-85% of all tumors involv- 
ing his space, obtaining a presumptive histologic 
diamesis preoperatively permits selection of the 
bes: surgical approach for tumor removal. 
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for 24-hour relief 


Afrin delivers up to 24-hour relief of 
nasal/sinus congestion due to colds, 
allergies, and sinusitis; and of 
eustachian tube blockage. Available in 
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nose drops, and pediatric nose drops. 
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the longest-lasting 
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Scotland or Virginia? 


Passport | 
to cae 


12 hours of sustained 
action 


This Scotsmar is strutting through 
the hills of Virginia, not the Highlands of 
Scotland. He is partecipating in the tribute to 
Highland life, celebreted each July in 
Alexandria, Virginia. 

Whether your patient is going abroad | 
or staying at home, 2’s good to know 
SUDAFED S.A., ba.d., can give potent, \Q\' 
dependable, 12-hourreiief of nasal and sinus 
congestion without d-owsiness. And SUDAFED 
S.A. contains no asprin or acetaminophen, 
leaving the analgesic decision with you. 


Sudafed S.A. j | 
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(pseudoephedrine HCI) 
120 mg 


Potent 12-hour relief 
of nasal and sinus 
congestion without 
the penalty 

of drowsiness: 
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LJ Restores freer breathing 
and eustachian tube patency 
with a single, highl~ effective 
ingredient — pseudoephedrine HCl 
O No antihistamine and no antihistamine 
side effects 

O No aspirin or acetaminophen, leaving the 
analgesic decision with you 

O Simple, convenient b.i.d. dosage 

J Available with yeur prescription 


O Also available: Sudafed® 60-mg tablets 


*Virtually without pressor fect in normotensive 
patients. Use with cautionain hypertensives. 





Sudated S.A. 


Capsules 
Sustained Action 
(pseudoephedrine hydrochloride) 


INDICATIONS: Sudafed S.A. Capsules are indi- 
cated for the relief of nasal congestion or eustachian 
tube congestion. Sudafed S.A. Capsules may be 
given concurrently, when indicated, with analgesics, 
antihistamines, expectorants and antibiotics. 


CONTRAINDICATIONS: Sympathomimetic 
amines are contraindicated in patients with severe 
hypertension, severe coronary artery disease, and in 
patients on MAO inhibitor therapy. Patient idiosyn- 
crasy to adrenergic agents may be manifested by in- 
somnia, dizziness, weakness, tremor or arrhythmias. 
Children under 12: Sudafed S.A. Capsules should 
not be used in children less than 12 years of age 
Nursing mothers: Pseudoephedrine is contraindi- 
cated in nursing mothers because of the higher than 
usual risk for infants from sympathomimetic amines. 
Hypersensitivity: This drug is contraindicated in 
patients with hypersensitivity or idiosyncrasy to 
sympathomimetic amines. 


WARNINGS: Sympathomimetic amines 
should be used judiciously and sparingly in 
patients with sinners A diabetes mel- 
litus, ischemic heart disease, increased in- 
traocular pressure, hyperthyroidism, and 
prostatic hypertrophy. Sympatho- 
mimetics may produce central nervous 
stimulation with convulsions or car- 
diovascular collapse with accompany- 

ing hypotension. 
Do not exceed recommended 


dosage. 

Use in Pregnancy: The safety of 
pseudoephedrine for use during 
pregnancy has not been estab- 

lished. 
Use in Elderly: The elderly 
(60 years and over) are more 
likely to have adverse reactions to 
sympathomimetics. Overdosage 
of sympathomimetics in this age 
group may cause hallucinations, 
convulsions, CNS depression, and 
death. Therefore. safe use T a short-acting 
sympathomimetic should be demonstrated in 
the individual elderly patient before consider- 
ing the use of a sustained-action formulation. 


PRECAUTIONS: Pseudoephedrine should be 
used with caution in patients with diabetes, hyper- 
tension, cardiovascular disease and hyper-reactivity 
to ephedrine. 


ADVERSE REACTIONS: Hyper-reactive in- 
dividuals may display ephedrine-like reactions such 
as tachycardia, palpitations, headache, dizziness or 
nausea. Sympathomimetic drugs have been as- 
sociated with certain untoward reactions including 
fear, anxiety, tenseness, restlessness, tremor, weak- 
ness, pallor, respiratory difficulty, dysuria, insomnia, 
hallucinations, convulsions, CNS depression, ar- 
rhythmias, and cardiovascular collapse with 
hypotension. 


DRUG INTERACTIONS: MAO inhibitors and 
beta adrenergic blockers increase the effects of 
pseudoephedrine (sympathomimetics). 

Sympathomimetics may reduce the antihyperten- 
sive effects of methyldopa, mecamylamine, reserpine 
and veratrum alkaloids, 


DOSAGE AND ADMINISTRATION: One 
capsule every 12 hours. Do not give to children under 
12 years of age. 


HOW SUPPLIED: Sudafed S.A. is available in 
capsules of 120 mg (clear red top and clear body) with 
Wellcome code H9B, bottle of 100. 

Sudafed is also available in forms other than sus- 
tained action: tablets of 30 mg sugar-coated (red), 
boxes of 24 and 48, bottles of 100 and 1000; tablets of 
60 mg scored (white) with Wellcome I.D. code im- 
print 57A, bottles of 100 and 1000; syrup 30 mg per 
5 cc, bottles of 4 fi. oz and 1 pt. 

Unit of Use: Tablets of 60 mg — Bottle of 100 with 
child-resistant cap. 


Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 
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AMPICILLIN RESISTANCE IN HAEMOPHILUS 


‘Percentages are ampicillin-resistant H. influenzae isolates* ) 
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Brief Summary. 
Consult the package literature for prescribing information. 


indications and Usage: Ceclor® (cefaclor, Lilly) is indicated 
in the treatment of the following infections when caused by 
susceptible strains of the designated microorganisms: 

i ia caused by Streptococcus pneumoniae 
(Diplococcus pneumoniae), Haemophilus influenzae, 
staphylococci, and S. pyogenes (group A beta-hemolytic 


Antibiotics, including Ceclor® (cefactor, Lilly), should 
be administered cautiously to any patient who has 
demonstrated some form of allergy, particularly to drugs. 


Precautions: If an allergic reaction to cefacior occurs, the 
drug should be discontinued, and, if necessary, the 
patient should be treated with appropriate agents. e.g.. 
pressor amines, antihistamines, or corticosteroids. __ 
Prolonged use of cefacior may result in the overgrowth 
of nonsusceptible organisms. Careful observation of the 


streptococci) 

Appropriate culture and susceptibility studies should be 
performed to determine susceptibility of the causative 
organism to Ceclor. 


Contraindication: Ceclor is contraindicated in patients with 
known allergy to the cephalosporin group of antibiotics. 


Warnings: IN PENICILLIN-SENSITIVE PATIENTS. CEPHALOSPORIN ANTI- 
BIOTICS SHOULD BE ADMINISTERED CAUTIOUSLY THERE IS CLINICAL AND 


LABORATORY EVIDENCE OF PARTIAL CROSS-ALLERGENICITY OF THE PENI- 
CILLINS AND THE CEPHALOSPORINS, AND THERE ARE INSTANCES IN 


WHICH PATIENTS HAVE HAD REACTIONS TO BOTH ORUG CLASSES (INCLUD- 


ING ANAPHYLAXIS AFTER PARENTERAL USE). 


a essential. lf superinfection occurs during 
nee eee measures should be taken. = 
Pi direct Coombs tests have been reported during 


-treatment with the cephalosporin antibiotics. In Aoo 
hing 


hematologic studies or in transfusion cross-mat 
procedures when antiglobulin tests are performed on the 
minor side or in Coombs testing of newborns whose _ 
mothers have received cephalosporin antibiotics before 
arturition, it should be recognized that a positive 


_ Coombs test may be due to the d 


Ceclor should be administered with caution in the pes 
presence of markedly i renal function. Under such 
a condition, careful clinical observation and laboratory 


Haemophilus influenzae in otitis media... 
a valid concern 


BEC 


BOSTON 


WASHINGTON, D.C 
35% 


HUNTSVILLE 
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studies should be made because safe dosage may be 
lower than that usually recommended. 


As a result of administration of Ceclor® (cefaclor, Lilly), 


a false-positive reaction for glucose in the urine may 
occur. This has been observed with Benedict's and 
Fehling's solutions and also with Clinitest® tablets but not 
with Tes-Tape® (Glucose Enzymatic Test Strip, USP, Lilly). 

Usage in Pregnancy — Although no teratogenic or 
antifertility effects were seen in reproduction studies in 
mice and rats receiving up to 12 times the maximum 
human dose or in ferrets given three times the maximum 
human dose, the Safety of this drug for use in human 
pregnancy has not been established. The benefits of the 
drug in pregnant women should be weighed against a 
possible risk to the fetus. 

Usage in Infancy—Safety of this product for use in 
infants less than one month of age has not been 
established. 


Adverse Reactions: Adverse effects considered related to 
cefaclor therapy are uncommon and are listed below: 

Gastrointestinal symptoms occur in about 2.5 percent 
of patients and include diarrhea (1 in 70) and nausea 





In many areas of the country, 
increcsing numbers of H. influenzae 


show resistance to conventional 


antibiotic therapy. 


Ceclor is effective in the treatment of 
otitis media? including that due to some 
ampicillin-resistant strains of H. influenzae.*® 


Ceclor has been shown to be clinically 
and bacteriologically effective in treating 
Otitis media due to susceptible organisms. 1? 


Ceclor is available in two pleasant-tasting 


liquids. 


Ceclor provides effective single-agent 
antibictic therapy for ofitis media. 


Note: Ceclar contraindicated in patients with known allergy to the cephalosporins 
and should be given cautiously to penicillin-allergic patients. 


+ Due to suscephble strains of Streptococcus pneumoniae, H. influenzae, staphylococci, 


and S. pfoger=s. 






and vomiting in #0). 

Hypersensmivity «actions have been reported in about 
1.5 percent c patiemts and include morbillifar™ eruptions 
(1 in 100). Pærite= urticaria, and positive Caambs tests 
each occur i less han 1in 200 patients 

Cases of serum -sickness-like reactions, inctuding the 
above skin reanifestations, fever, and arthra!gia/arthritis, 
have been resorte.. Anaphylaxis has also been reported. 

Other effets cowsidered related to therapy cluded 
eosinophilia 1 is SD) patients) and genital prusitus or 
vaginitis (les tham fin 100 patients). 

Causal Re: tionsxia Uncertain— Transitory a normalities 
in clinical laoratany test results have been sorted. 
Although the: wer of uncertain etiology, theware listed 
below to serve as elerting information for the ehysician. 

Hepatic— \ight=fevations in SGOT, SGPT. or alkaline 
phosphatasewaiues "1 in 40). 

Hematopowtic Transient fluctuations in leskocyte 
count, predeninastly lymphocytosis occusrms in infants 
and young caildrer 1in 40). 

Renal— Stjht e=vations in BUN or serum sreatinine 
(less than 1 a SOD. er abnormal urinalysis (‘aes than 
1in 200). [1030800] 


125-mg/5-ml and 


Bafaclor 


250-mg/5-mi oral suspensions 


2 ® 
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Great Moments in Space... 


.“Houston, Tranquility Base 
here. The Eagle has landed.” 
— Neil A. Armstrong 


me 
ett anaon all 





When America landed on the moon... On aly 
20, 1969, Astronauts Neil A. Armstrong and Edwin “Buzz” Aldrin.Jr. 
fulfilled a dream man has had for centuries. Indeed, the Eagle had 
landed. 

Captivated, a world-wide audience watched in awe as Astroneut 
Armstrong stepped onto the moon and into Fistery with the stete- 
ment “That’s one small step for a man, one giant ©ap for mank ad.” 
Minutes later Armstrong and Aldrin planted the American flag on fe 
moon’s surface, set up equipment for future expe: iments, recorc2d 
each other's historic steps on film, and scoopec up 21 kg (46 Ibs} of 
rock and soil samples. 

The men of NASA had realized an age-old deam by conger- 
ing another space frontier. 


Actifed was there! Since the first manr ed Apollo flight in 
1968, Actifed has been the decongestant/antihistamine of choice ‘or 
NASAs astronauts. 

In fact, during five Apollo missions, astronauts took Actifed ‘or 
symptomatic relief of colds* and nasal congestion. 


Because of its successful record in space. Acifed is scheduled 
to be aboard the upcoming Space Shuttle. The 1980s mark the >e- 
ginning of a new era in aerospace research . . and Actifed wil be 
there! 


*This product has been evaluated as “lacking substantial evidence of #ffec' veness as a fixed com 
bination” for this indication. Please see prescribing information. 

tThis product has been evaluated as “probably” effective for this indication Please see prescribe 
information. 





1. Astronaut Neil A. Armstrong taking his historic first stss cn the moon 2. A=llo 
7 — the first manned Apollo space mission 3. Skylab — the first American hcme 
269 miles above earth 4. Blastoff — Cape Canaveral, Flora 


For symptomatic relief of winter colc symptoms* 
(and year-round allergic rhintis9T 


ACTIFE 


Tablets/Syrup 


Each scored tablet contains ACTIDIL” (triprolidine HCI: 2.5 mg, SUDAFED 
(pseudoephedrine HCl) 60 mg. Each 5 cc teaspoonful of syrup comtains ACTIDIL® 1.26 mg 
and SUDAFED® 30 mg. 








Burroughs Wellcome Co. x i See brief summary of prescribing information on next page. 
Research Triangle Park 
North Carolina 27709 
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Tablets/Syrup 


Each scored tablet contains ACTIDIL® (triprolidine HCl) 2.5 mg, SUDAFED® 
(pseudoephedrine HC!) 60 mg. Each 5 cc teaspoonful of syrup contains ACTIDIL® 
1.25 mg and SUDAFED® 30 mg. 


Part of the NASA Space Medicine Kit since 1968. 
And scheduled aboard the upcoming Space Shuttle Orbiter. 


ACTIFED* Tablets and Syrup 


INDICATIONS: Based on a rex.2w cf this drug by the National Academy of Sciences — National Research 
Council and/or other informaion, FDA has classified the indications as follows 

*"Probably” effective: For the symptomatic treatment of seasonal and perennial allergic rhinitis and 
vasomotor rhinitis 

**"Lacking substantial evideme o° effectiveness as a fixed combination”: For the prophylaxis and treat- 
ment of the symptoms assoc ated with the common cold 

Final classification of the les than effective indications requires further investigation 









CONTRAINDICATIONS: Contrain¢=ated in newborn or premature infants; in nursing mothers: for the treatment 
of lower respiratory symptoms inc uding asthma; in patients hypersensitive to: 1) triprolidine hydrochloride and 
other antihistamines of simi! r chemical structure; and/or 2) sympathomimetic amines including 
pseudoephedrine; in datients on -moroamine oxidase inhibitor therapy (see Drug Interactions Section) 


WARNINGS: Use with considera le caution in patients with: increased intraocular pressure (narrow angle 
glaucoma). stenosing peptic ul@r pyloroduodenal obstruction, symptomatic prostatic hypertrophy, bladder 
neck obstruction, hypertension, cabetes mellitus, ischemic heart disease, hyperthyroidism 


sympathomimetics may produce Sentral nervous stimulation with convulsion or cardiovascular collapse with 
accompanying hypotension 
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Use in Children: As in adults, the combination of an antihistamine and sympathomimetic amine can elicit 
either mild stimulation or mild sedation in children. In the young child, mild stimulation is the response most 
frequently seen. In infants and children, especially, antihistamine in overdosage may cause hallucination, 
convulsion or death. Large doses of pseudoephedrine are known to cause asthenia, lightheadedness, nausea 
and/or vomiting 


Use in Pregnancy: Experience with this drug is inadequate to determine whether there exists a potential for 
harm to the developing fetus 


Use with CNS Depressants: Iriprolidine has additive effects with alcohol and other CNS depressants (hypnot- 
ics, sedatives, tranquilizers, etc.) 


Use in Activities Requiring Mental Alertness: Patients should be warned about engaging in activities 
requiring mental alertness as driving a car or operating appliances, machinery, etc 


Use in the Elderly (Approximately 60 years or older): Antihistamines are more likely to cause dizziness, 
sedation and hypotension in elderly patients. Overdosages of sympathomimetics in this age group may cause 
hallucinations, convulsions, CNS depression, and death 


PRECAUTIONS: Use with caution in patients with: history of bronchial asthma, increased intraocular pressure, 
hyperthyroidism, cardiovascular disease, hypertension 


DRUG INTERACTIONS: MAO inhibitors prolong and intensify the anticholinergic (drying) effects of antihis- 
tamines and overall effects of sympathomimetics. Sympathomimetics may reduce the antihypertension effects 
of methyldopa, decamylamine, reserpine, and veratrum alkaloids 


ADVERSE REACTIONS: The most frequent adverse reactions are underlined: 
1. General: Urticaria, drug rash, anaphylactic shock, photosensitivity, excessive perspiration, chills, dryness of 
mouth, nose and throat 


excitation, nervousness, tremor, irritability, insomnia, euphoria, paresthesias, blurred vision, diplopia, vertigo, 
tinnitus, acute labyrinthitis, hysteria, neuritis, convulsions, CNS depression, hallucination 

5. G.I. System: Epigastric distress, anorexia, nausea, vomiting, diarrhea, constipation 

6. G.U. System: Urinary frequency. difficult urination, urinary retention, early menses 

7. Respiratory System: Thickening of bronchial secretions, tightness of chest and wheezing, nasal stuffiness 


OVERDOSAGE: Overdosage reactions may vary from central nervous system depression to stimulation. Stimula- 
tion is particularly likely in children. Atropine-like signs and symptoms: dry mouth; fixed, dilated 
pupils; flushing; and gastrointestinal symptoms may also occur 


If vomiting has not occurred spontaneously the patient should be induced to vomit. Precau- 
tions against aspiration must be taken, especially in infants and children. If vomiting is 

unsuccessful gastric lavage is indicated within 3 hours after ingestion and even later if 
large amounts of milk or cream were given beforehand. Isotonic and % isotonic saline is 
the lavage solution of choice 





Saline cathartics, as milk of magnesia, draw water by osmosis into the bowel and therefore, 
are valuable for their action in rapid dilution of bowel content. Stimulants should not be used 
Vasopressors may be used to treat hypotension 


DOSAGE AND ADMINISTRATION: Dosage should be individualized according to the needs and the 
response of the patient 
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= Most Widely Prescribed — Antivert is the 
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ciated with motion sickness. 

Possibly Effective: Management of vertigo associated with diseases 
affecting the vestibular system. 
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LEAKING LABYRINTH LESIONS, DEAFNESS, TINNITUS AND 
DIZZINESS 


VICTOR G)ODHILL, MD. FACS 


Los ANGELES, CALIFOENA 


The remarkable integrity of the finely balanced membr: nous labyrinth is «seasionally disrupted, resulting in fistulae of various types 
in a number of locations. Such leaking labyrinth lesions can be of congenital ermin, due to various types of malformations. They may be 
caused by destructive diseases such as syphilis, by many varicnts of acute and =--onic otomastoiditis, and sequelae of otosclerosis surgery, 
and finally, as results of a variety of traumatic disruptions o labyrinthine integrity. Deafness, dizziness, and tinnitus are frequent symp- 
toms and sequelae may include meningitis and other intrac-anial complicati. The clinical consideration of leaking labyrinth lesions 


must always be considered in otologic diagnoses. 


INTRODUCTION 


Labyrinthine fistulae, or “leaking labyrinth le- 
sions,” can occur both internally and externally. In- 
ternal leaks are defined as occurring within the 
labyrinth and can occur between the various com- 
ponents of the membranous endolymph-perilymph 
labyrinthine system. External leaks are defined as 
occurring between the labyrinthine membranous 
components and the middle ear and/or mastoid 
pneumatic air spaces, as well as between these 
membranous components and cerebrospina! f uid 
spaces (Fig. 1). Complex fistulae of intralabyrinth- 
ine and extralabyrinthine forms have been shew to 
cause a number of symptom complexes inclucing 
deafness, dizziness and tinnitus. 


Leaking labyrinth lesions can be caused by con- 
genital malformations, syphilis, otomastoiditis of 
various types, otosclerosis surgery, and trauma 


CONGENITAL MALFORMATIONS 


The “fissula ante fenestram” anterior to the oval 
window is open in the fetus.' It extends from the 
middle ear to the labyrinthine vestibule through the 
otic capsule and has been observed partly open and 
partly closed as late as the second year of infancy, 
and may persist in the adult. 


Congenital round window and oval window mal- 
formations of various types with or without fistulae 
can occur in utero and may persist into infaacy, 


childhood and adult life. 


Mayer’® first described a variety of microfissares 
in adult temporal bones including 1) a fissure be- 
tween the posterior canal ampulla and the roind 
window niche, and 2) a fissure superior to the oval 
window between the tympanum and the vestibule. 


A number of years ago, prior to the stapes surgery 


era, | found congenital round window fistulae on 
tym xenic explorations in two children with slowly 
progressive bilateral mixed sensorineural/conduc- 
tive mearing losses. Normal mobile ossicles were 
presert. In both patients clear fluid was seen in the 
rounc window niche. I considered the fluid to be 
due *« infiltration of local anesthetic solution into 
the middle ear. However, the fluid repeatedly 
wele up in the niche after aspiration. The fluid 
was tndoubtedly perilymph coming from small 
bony -istulae in the inferior portion of the round 


win tcw niche. 
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Fig. 2. Hypotrmpanum. The two limbs of posterior 
semicircular canal solidly cast in new bone, from which 
fracture line diverzes, extending to ductus endolym- 
prie Superio~ level of jugular fossa also contains new 

ne. VII - Seventh nerve. (Reprinted with permission.’) 


As my awareness of window fistulae increased, I 
also found fistulae in several adults with combined 
cochlear-conductive hearing losses preoperatively 
attributed to m xed cochlear-conductive otosclero- 
sis. In one such patient whose anomalous monopod 
nonotosclerotic fixed footplate was mobilized on 
one side, I subsequently found a mobile anomalous 
monopod stapes on the other side, accompanied by 
a round window niche abnormality. The round 
window membrane was widely exposed, larger 
than average, with an excellent reflex on stapes pal- 
pation. However, clear fluid welled up in the bot- 
tom of the round window niche, following repeated 
aspiration. This small leaking defect in the bony 
margin at the irferior aspect of the round window 
membrane insertion was sealed with a perichondri- 
al graft, followed by closure of a 20 dB air-bone 


gap. 


In a study of congenital cerebrospinal otorrhea 
recently reported by Gacek and Leipzig* it was 
noted that leaks can occur through the round win- 
dow membrane into the middle ear as a result of a 
large cochlear aqueduct. This mix of CSF and 
perilymph can also leak into the middle ear via 
Hyrtl’s fissure, a bony cleft inferior to the round 
window. 


A congenital cyst of the oval window recently 
reported by Lanovary® in a child with recurrent 
pneumococcal meningitis was identified by scin- 
tigraphy as a middle ear CSF leak. At surgical ex- 
ploration clear fluid was seen coming from a 
stapedial footpkate cyst. The cyst actually repre- 
sented a congenital malformation between the 
stapedial footplate and the labyrinthine perilymph 
pool. 


Dufour et alf described a patient with recurrent 
meningitis and unilateral deafness in whom surgical 


exploration revealed a similar CSF leak through the 
stapedial footplate. These reports enrich an already 
significant literature on the subjects of recurrent 
meningitis and congenital oval window or round 
window leaking labyrinths. 


SYPHILITIC LESIONS 


In an otopathologic study of 16 luetic temporal 
bones which I reported in 19397 I described a frac- 
ture line in one temporal bone between the hypo- 
tympanum and the endolymphatic duct (Fig. 2). 


The “syndrome of Hennebert” a term coined by 
Buys® refers to eye deviations and/or dizziness 
which result from transcanal pneumatic tympanic 
compression and rarefaction. Pathological openings 
between the middle ear and the labyrinth have been 
clinically suspected for some time in patients with 
Hennebert’s sign (positive fistula sign). In the past, 
a positive Hennebert’s sign was considered to be 
diagnostic of labyrinthine syphilis, but this is now 
disputed. Kohut et al’? have reported positive Hen- 
nebert’s signs in cases of minute perilymph fistulae 
associated with vertigo without hearing loss. Na- 
dol'® has reported several cases of positive fistula 
signs with intact tympanic membranes. 


At the present time, relationships between a posi- 
tive Hennebert’s sign and temporal bone lues re- 
main unclear. 


Recently, at surgical exploration of an ear in a 
patient who had fluctuating hearing loss, tinnitus 
and vertigo with a positive luetic serology, I founda 
perilymph leak from several bony dehiscences in- 
ferior to the round window membrane attachment. 
These dehiscences were sealed with perichondrium 
resulting in a 15 dB improvement in hearing, and a 
50% air-bone gap closure. 


OTOMASTOIDITIS FISTULAE 


Fistulae of the labyrinth in acute and chronic 
otomastoiditis have long been known clinically. 
Vertigo, tinnitus and sudden or gradual deafness 
still occur as complications of otitis media and 
mastoiditis."’ 


Labyrinthine fistula is uncommon during the 
course of acute otomastoiditis. It may occur with 
acute fulminating 6-Streptococcus hemolyticus in- 
fections and may accompany other complications, 
such as seventh nerve paralysis. 


The most common sign of fistula is vertigo ac- 
companied by spontaneous nystagmus, which may 
be manifest or which may be detected only on elec- 
tronystagmographic vestibular examination. Dry 
calorization electronystagmography (ENG) will 
usually show a hypoactive response, and occasional- 
ly a hyperactive response.’ 


Labyrinthine fistula as a complication of oto- 
mastoiditis is most commonly the sequel of ker- 
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Fig. 3. Peribasal mobilization. The chronic perilyra- 
phatic fistula may follow a simple peribasal mobilization. 
Cross-hatched area - Perilymph; arrows - Direction of 
flow. This has been observed in several cases, in one case 
almost 10 years after operation. (From English, GM, ed. 
Otolaryngology, Vol II. Hagerstown: Harper and Row, 
1976. Reprinted with permission.) 


atoma (cholesteatoma) or tympanoscleresis al- 
though it may be due to granulomatous or polypoid 
disease. The most common location for sueh a 
fistula is in the dome of the horizontal semicircular 
canal. The fistula may be total, with complete ex- 
posure of the perilymphatic space, or subtotal, with 
bone erosion and only marginal exposure of the 
perilymphatic space endosteum. 


A fistula may occur through the oval window fol- 
lowing necrosis of the stapedial arch and footrate, 
or through the bony cochlear wall. With such a 
fistula, there will be a slow, but occasionally rather 
sudden hearing loss due to cochlear involven ent, 
with vertigo, and/or tinnitus as a concomitant. 
Comparable lesions occur occasionally in the reund 
window niche, with rupture through the reund 
window membrane and fistulization into scala -ym- 
pani. 


The management of a surgically encountered fist- 
ula requires delicate microsurgical removal o the 
specific etiologic lesion and closure of the fiste lous 
area in the otic capsule by a tissue graft af ether 
tragal perichondrium or fascia temporalis. 


OTOSCLEROSIS SURGERY FISTULAE 


Kessel, in 1878'* in making the first ddliberate 
oval window opening in extracting the stapes in 
otosclerosis, certainly created a temporary or, in 
some cases, a permanent leaking labyrinth. Thus, 
for more than a century we should have been aware 
of oval window leaks produced iatrogenieally by 
surgeons in otosclerosis surgery. Clinical awareness 
came much later. 


Miot'* performed many stapes operations for 
otosclerosis. These were undoubtedly accompanied 
by some unhealed leaking labyrinths, since nə at- 
tempt was made to seal the surgically created 
labyrinthine fistula. Such persistent surgmally 
created fistulae may have been related to the con- 
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Fig. 4. Displaced polyethylene prosthesis that has per- 
forated a tissue graft and is now in contact with the utricle, 
producing a positional type of equilibrium disturbance 
along with a conductive hearing loss. Cross-hatched area 
- Perilymph pooling at site of penetration of the prosthesis. 
Arrows - Direction of flow. There is scar tissue between the 
tap of the prosthesis and the lenticular process of the incus, 
also maending down along the lumen of the tube into the 

ule in current contact with the utricle. This is a com- 
rion type of perilymphatic fistula and can be seen not only 
with polyethylene prostheses, but also with various types of 
Teflon® pistons and other plastic prostheses. (From 
English GM, ed. Otolaryngology, Val II. Hagerstown: 
Harper and Row, 1976. Reprinted with permission.) 


demnation of his work which stopped otosclerosis 
surgery for half a century. 


In the early rare promontory and later common 
Lempert semicircular canal fenestration operations, 
leaking labyrinths were deliberately created surgi- 
cally, hopefully as only temporary surgical leaks. 
Lempert type fenestrations probably resulted in 
fewer “dead ears” proportionately than stapedec- 
tomy procedures, because the technique always re- 
quired that the surgically created fistula was delib- 
erately sealed with the tympanomeatal flap. 


In modern stapes surgery, surgical oval window 
fistulae (leaks) are also deliberately created, but the 
tern “fistulization” has rarely been used to describe 
the essential part of the operation. When an oto- 
sclerotic stapes was mobilized in early mobilization 
techniques by transincudal pressure or by fractur- 
ing sootplate margins, thus restoring mobility to a 
previously fixed stapes arch, a temporary fistula in 
the oval window was created (hopefully temporary) 
(Fis. 3). We now know that perilymph leaked out, 
but it was considered an incidental part of the pro- 
ced ire. No attempts were made to seal the leak. 


Following the introduction of prostheses in stape- 
dec-omy surgery, otologists were rudely shaken into 
an awareness that such iatrogenic leaking labyrinths 
might continue to leak indefinitely with a variety of 
possible sequelae including irreversible labyrintho- 
patties, with deafness, dizziness and even meningi- 
tis (Fig. 4). Fistulae were found as we began to ex- 
plore postoperative stapes cases with poor results. 
Not only did some primary fistulae continue to leak 
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Fig. 5. Sequence of events from A) preoperative otosclerotic state (fixed stapes) to B) first postoperative day, in which a 


fistula is alwcys present, to C) final ideal result with completely h 


ermetically sealed oval window-to-incus strut. D) Partial 


and major pe-ilymph leaks, causing backsplash and partial conductive loss, and E) major backsplash with major conductive 
loss, indicate relationship between size of fistula and extent of conductive hearing loss. (From English GM, ed. 
Otolaryngology, Vol II. Hagerstown: Harper and Row, 1976. Reprinted with permission.) 


indefinitely, but in many successful stapes cases 
with primary healing and excellent hearing, sec- 
ondary fistulae began to occur and finally were rec- 
ognized. Such -linical recognition however con- 
tinues to evade the attention of some surgeons even 
today.'® 


A variety of poststapedectomy problems related 
to fistulae were reported.'*'* The early reports 
placed much emphasis on partial or complete coch- 
lear damage resulting in dead ears. We later learned 
that the partial or complete conductive loss phe- 
nomena which occur in stapes surgery (which I 
called the “backsplash phenomenon’) is really due 
to unhealed fistulization and is the sign of a simple 
leaking labyrinth without sensorineural hearing loss 
indicative of cochlear damage (Fig. 5). Thus, oto- 
sclerosis surgery has been and still is a major cause 
of leaking labyrinths. 


TRAUMATIC LESIONS 


Traumatic labyrinthine fistulae can result from a 
number of varieties of temporal bone injuries.’ 


Blunt blows er penetrating temporal bone trau- 
ma can cause cerebrospinal fluid fistulae accom- 
panying tegmen fractures, with or without accom- 
panying labyrinthine perilymph fistulae from frac- 
tures through oval window, round window, coch- 
lear promontory and/or semicircular canals (Fig. 
6). Cerebrospinal fluid and perilymph fistulae can 
coexist. Two pctential mechanisms, explosive and 
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Fig. 7. A) Explosive routes for sy ake mera brane ruptures from CSF system via cochlear aqueduct or internal au- 
ditory meatus. B) Implosive routes for labyrinthine reembrane ruptures from middle ear, eustachian tube, and external ear. 


(Reprinted with permission.”?) 


implosive, can explain perilymphatic fistulae due to 
trauma. 


Traumatic events which can produce fistulae are: 
1) head trauma; 2) blunt ear trauma; 3) penetrating 
ear trauma; 4) acoustic/blast trauma; 5) tubctym- 
panic compression trauma; and 6) flying and d ving 
barotrauma. 


Surgically encountered perilymph fistulae a: seen 
in the middle ear via promontory fractures, ortrom 
oval window and/or round window membrane breaks 
are frequently accompanied by surgically mv sible 
intralabyrinthine perilymph-endolymph fistulae 
due to internal membrane breaks. The latte- can 
occur alone. 


Hydrodynamic (CSF) or aerodynamic (tubctym- 
panic) routes can be responsible for such membrane 
breaks and they can coexist in some cases. 


Hydrodynamic Explosive Fistula Mechanisms via 
the Cerebrospinal Fluid System. Labyrimthine 
perilymph-endolymph systems are linked to arter- 
ial, venous and cerebrospinal fluid hydrodyramic 
forces. The most crucial CSF-perilymph reletion- 
ships function either through the cochlear aqueduct 
or through internal auditory canal neural forarzina. 
Sudden CSF pressure surges to the perilymph sys- 
tem can cause explosive fistulae. 


Variations in patency between perilynyph-CSF 
connections, cochlear aqueduct and internal 
auditory canal can be significant.”°-?’ 


Explosive fistulae can result from either self- 
induced diaphragmatic splinting stresses or from 
other Valsalva forces, environmental baretrauma 
or head trauma. 


The cochlear aqueduct route to scala mmpani 
can cause leaks from round window membrane and/ 
or internal breaks and leaks through Reissner’s 
basilar, saccular, utricular or semicircular «anal 
membranes (Fig. 7A). 


The internal auditory canal route to scala 
vesfibuli can cause leaks from oval window via 
footplate or through oval window ligament espe- 
cial y anterior to the footplate margin and/or sim- 
ilar internal labyrinthine membrane breaks produc- 
ing explosive fistulae resulting in hearing loss, ver- 
tigo and tinnitus. 


Aerodynamic Implosive Fistula Mechanisms. 
Aerodynamic pressure surges via the tubotympanic 
system communicate with both round window 
membrane and oval window footplate and ligament 
areas as routes for implosive fistulae (Fig. 7B). Self- 
indaeed forceful eustachian tube inflation forces or 
tubetympanic Valsalva forces in flying and diving 
can cause implosive round window and/or oval 
window leaks, with chain reaction internal laby- 
rint membrane breaks producing implosive fis- 
tulæ with resulting hearing loss, vertigo and tin- 
nitus. 


PERILYMPH LEAKS DUE TO HEAD TRAUMA 


Poth closed and open head injuries can produce 
perłymph leaks, a number of which have been re- 
por ed,”°-8-3° If fractures occur they may also result 
in CSF fistulae, via explosive and/or implosive 
rou es. I reported three such cases as examples.*' 


PERILYMPH LEAKS DUE TO BLUNT EAR TRAUMA 


Blunt blows to the auricle can produce perilymph 
fistwlae. Open hand slaps to the auricle which usu- 
ally produce large tympanic membrane perfora- 
tiors ean also produce accompanying perilymph fis- 
tulee. Two illustrative cases were reported by me.*! 


LABYRINTHINE LEAKS PRODUCED BY PENETRATING 
EAR TRAUMA. 


Cunshot wounds, slag injuries and iatrogenic in- 
juries in attempts to remove external ear canal and 
middle ear foreign bodies can be causes of penetrat- 


104 VICTOR GOODHILL 


ing perilymph leaks accompanying tympanic mem- 
brane-ossicular injuries. Oval window, round win- 
dow, and intraladyrinthine lesions frequently occur 
due to labyrinthime capsule fractures. 


DOUBLE WINDOW LEAKS AND INTERNAL MEMBRANE 
BREAKS DUE TO ACOUSTIC/BLAST TRAUMA 


High intensity acute acoustic trauma (not related 
to ordinary noise induced hearing loss) and/or blast 
from explosives can produce perilymph fistulae 
with or without tympanic membrane ruptures. A 
previously reported case followed a single shot from 
a magnum revolver fired at a firing range. It caused 
severe right otalgia, tinnitus, deafness and violent 
dizziness. At surgery, an extensive friable fibrous 
network surrounded oval window and round win- 
dow leaks. The fibrous compartments were all filled 
with perilymph. Following repair of the fistulae 
there was immediate relief of dizziness and a 
marked diminution of tinnitus but there was no 
return of hearing *' 


LEAKS DUE TO TUBOTYMPANIC COMPRESSION TRAUMA 


Forced “tubal clearing” done voluntarily by vio- 
lent closed nose blowing can produce perilymph 
leaks. 


LEAKS DUE TO FLYING AND DIVING BAROTRAUMA 


Round window leaks in aviators have been re- 
cently described in a report by Tingley and 
MacDougall.” They described two patients. In one 
there is an example of a susceptible individual, 
namely, a persor flying with an upper respiratory 
infection which jeopardizes middle ear pressure 
equalization. Their second case dramatically de- 
scribes a potential catastrophe dueto disorientation 
in a pilot on nigkt or instrument flying when he is 
being bombardee with misleading vestibular infor- 
mation created by a round window membrane leak. 


PROBLEMS OF SUDDEN HEARING LOSS AS IT RELATES 
TO LABYRINTH LEAKS 


Sudden hearing loss, an otologic emergency, can 
occur as a result of lesions of the external ear, mid- 
dle ear, inner ear, internal auditory meatus and ca- 
nal, cerebellopontine angle and lesions of the cen- 
tral nervous system. Although sudden hearing losses 
may be conductive or sensorineural, mild or moder- 
ate in degree, the emphasis here relates to moder- 
ate, severe or totzl cochlear losses. Tinnitus and ver- 
tigo are frequent concomitants. 


Difterential diagnosis must include Menieére’s dis- 
ease, labyrinthine complications of previous ear 
surgery, ear or cranial trauma. In addition, one 
must consider acoustic trauma, barotrauma, oto- 
toxicity, labyrinthogenic diseases such as syphilis, 
sudden edema in an eighth nerve tumor,” multiple 
sclerosis, Cogan’s syndrome, encephalitis, metasta- 
tic carcinoma, ard a number of cerebrovascular le- 
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Fig. 8. Potential labyrinthine sequelae: theoretic possi- 
bilities. A) Diagram of explosive-plus-implosive rupture 
routes. B) Minor intralabyrinthine lesion with minimal 
damage to organ of Corti. C) Major ruptures with persis- 
tent intracochlear fistulas. D) Healed intracochlear lesions. 
(Reprinted with permission.??) 


sions. Malingering and psychogenic hearing losses 
must always be considered in the differential 
diagnosis. 


The term “idiopathic” has been used classically in 
discussing the lesion of sudden sensorineural hear- 
ing loss occurring in a previously presumably nor- 
mal ear. Various hypotheses and speculations have 
characterized management based on presumptive 
viral, vascular, endocrine, allergic, and/or other 
causes. Thus, therapy has been purely empirical in 
the past, and continues to be so today in most 
clinics. 


Since the surgical demonstration of perilym- 
phatic leaks from round window membrane and/or 
oval window ligament breaks'’:???*:*4 in cases either 
associated with barotrauma and physical exertion 
or without clear-cut physical stress histories, we 
must now, therefore, divide all sudden sensorineu- 
ral hearing losses into 1) a “labyrinthine membrane 
rupture” group due to verifiable oval window or 
round window (or both) fistulae, and/or to asso- 
ciated presumptive intralabyrinthine membrane 
ruptures, due to sudden barotrauma, physical exer- 
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tion, or to stresses from tubotympanic and/or 
cerebrospinal fluid systems; and 2) an “idiopathic” 
group which may be presumptively based in viral, 
vascular, endocrine, allergic, or other systemi le- 
sions.*° 


The suggested explosive and implosive pathways 
for membrane ruptures, oval window and round 
window fistulae and associated intralabyrin hine 
membrane breaks (Fig. 8), and my clinica! tindings 
have been confirmed.** 


A systemic approach to the management of aby- 
rinth leaks in sudden hearing loss has been des- 


cribed. 


The diagnostic criteria for perilymph fistuB ex- 
ploration have been ably summarized by Smg eton 
et al,” in a study using discriminant analysis -ech- 
niques. They point out the importance of considera- 
tion of bed rest for the first five days before-sumical 
intervention. In their report surgical interveation 
with repair of the fistula by perichondrial grafts 
provided effective control of vertigo very frequent- 
ly, more frequently than restoration of hearing. 
This finding is in agreement with my expenierce. 


SOME FINAL CONSIDERATIONS REGARDING 
MANAGEMENT OF LEAKING LABYRINTHS 


Appearance of a Fistula. It is not usualy a 
“rapidly running stream.” It appears as a slow lim- 
pid clear fluid collection. In the oval window niche 
it tends to “puddle” anterior to the anterior crus. 
There is rarely a distinct bony opening either in the 
footplate or in the circumferential ligament. It is 
more of a recurrent seepage following gentle suc- 
tion. In the round window niche it most commonly 
is seen at the inferior margin of the round wiadow 
membrane. One does not usually see a “hole” in the 
round window membrane. Recurrent seepage is 


seen in the inferior portion of the round window 
niche. 


“Plugging” the Labyrinth Leak. Fistulae are al- 
most always surrounded at least partly by fibrous 
bands requiring microdissection. Following delicate 
disseetion of fibrous compartments in the window 
area. very gentle fine suction in anterior oval win- 
dow area and in round window area is necessary. 
The extent of fluid leaks may vary from a very rare 
“gusher” to a very minute, slow, but persistent fluid 
flow. which may be increased by gentle incudosta- 
pedial joint palpation. Jugular compression may 
give improved visualization by temporarily increas- 
ing perilymph flow. The round window membrane 
is rarely completely visualized. A persistent or 
recurrent perilymph flow is usually seen from the 
regicn of the round window membrane margin, 
and or from the anterior pericrural (fissula ante 
fenestram) oval window region. Endosteum is ele- 
vated from the superior and/or inferior round win- 
dow niche bony margins and/or from the anterior 
stapedial margin to furnish a base for anchorage of 
a tregal perichondrium or temporalis fascia graft. 
Gelfeam® is not a seal. I do not drill away promon- 
tory bone overhang in the round window niche. In 
spite of careful persistent searches there may be no 
fistu-a. Obviously this concludes the procedure. 


Same Future Concerns. It is desirable that clini- 
cal awareness of leaking labyrinthine fistulae will 
increase. However, it is important that such aware- 
ness will not necessarily be accompanied by unwar- 
ranted dramatic increases in urgent surgery in pa- 
tients with relatively minor audiovestibular 
changes, many of which may be temporary and 
self-limited. Most labyrinth leaks probably heal 
spontaneously. A trial with bed rest in head ele- 
vated position should precede surgery decisions. 
Final answers to these leaking labyrinth problems 
will only come from temporal bone pathology 
studies. 
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sent to Dr. Willam Crysdale, c/o Hospital for Sick Children, 555 University Avenue, Toronto, Ontario. 
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Five hundred fifty-four persons were evaluated who had received external radiation therapy for benign diseases of the head and neck 
in childhood and whose salivary glands were presumably included in the radiation field. A significant excess of salivary gland cancers were 


noted when they were compared to 958 nonirradiated cortrol subjects. 


INTRODUCTION 


An association between external radiation 
therapy to the head and neck and subsequent sali- 
vary gland cancer has been noted over the las sev- 
eral years in Japanese survivors of the atomie bomb’ 
and in Israeli children irradiated for tinea capitis.’ 
We have completed the data analysis from a Erge, 
controlled study of individuals in the midwestern 
United States who received external radietherapy 
for benign diseases in childhood and have observed 
the same findings in an American population. 


TABLE 1. PREVALENCE OF SALIVARY GLANI* 


MALIGNANCIES 
No. of No. of Levd of 
Subjects Cancers Signifieance* 
Irradiated bands 554 3 
rradiated proban P< 0.490 
Nonirradiated controls 958 0 


*Using a one-tailed Fisher’s exact test of significance. 


METHODS 


In 1960 we reported a follow-up study of children wno had 
received external radiotherapy for benign disease of the head, 
neck, or chest.* Between 1963 and 1967 a more extensively con- 
trolled follow-up survey was initiated which will be referred to in 
this report as the “survey.” 


The irradiated probands all had received external radiation 


therapy in childhood for benign disease. A total of 1,266 subjects 
of 2,230 listed in the radiation therapy records of four Cincinnati 
hespitals could be located and were willing to submit to an inter- 
view. After receiving their radiation therapy records, we found 
that 354 of the 1,266 subjects received therapy to areas of the head 
and meck which had a high probability of including one or more 
of -be salivary glands directly in the radiation field. These 554 
sukjeets were classified as “probable salivary gland irradiated pro- 
bands” and form the basis for this report. The majority of the re- 
maiming irradiated subjects appeared to have been treated in such 
a way that their salivary glands probably were not included di- 
rectly in the radiation field. The nonirradiated controls included 
age, race, and sex group-matched subjects who had received 
medical or surgical treatment for similar diseases in childhood. 
Family members of both populations were also evaluated. All re- 
views of radiation therapy records and decision-making were 
“blimded” with respect to subsequently detected disease. 


Tie evaluation consisted of interviews which were conducted 
by four registered nurses, each of whom was familiar with the 
fie.c of radiation therapy and had special training in the public 
health aspects of nursing. 


Subsequent to the survey, we continued to follow up the ir- 
radiated probands and the nonirradiated control population 
throwgh May 1978, using our regional Edward A. Gall Neoplastic 
Disease Registry. These results will be referred to as “registry” 
data. 


In all of our subjects, the reason for medical intervention was 
clinically evident salivary gland disease. All neoplasms were veri- 
fied either by review of the microscopic sections, or by inspection 
of the report of the pathologist and/or the hospital records. 


TABLE 2. REASON FOR RADIATION THERAPY, PREVALENCE OF SALIVARY GLAND CANCER, AND MEAN TOTAL EXPOSURE 


Mean 
Nc. Who Developed Total Exposure 
Reason for Radiation Number of Sui jects Saʻisary Gland Cancer (roentgens) 
Otitis/mastoiditis 8a 0 (0.0%) 349 
Cervical adenitis 391 2 (0.5%) 448 
Tonsillitis/adenoiditis 73 1 (1.3%) 739 
Total 554 3 (0.5%) Weighted mean: 475 
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TABLE 3. MALIGNANT SALIVARY GLAND NEOPLASMS FOLLOWING EXTERNAL RADIOTHERAPY 


No. of Salivary Gland Cancers 


Source Estimated Parotid Dose (rads) No. irradiated Found Expected 


Hempelmann et al* <20* 
Modan et al? 140t 
Belsky et al’ > 300 


2,872 0 (0.00%) <1 
10,902 4 (0.04%) <1 
1,340 2 (0.15%) <l 


*Our calculation, assuming that the parotid glands were at least 2 cm beyond the edge of the thymic irradiation field. 


tAssuming that the parotid dose approximately equals the brain dose. 


RESULTS 


Based on the combined survey and registry data, 
we found significantly more (P<0.05) salivary 
gland cancers in the irradiated probands than in the 
nonirradiated centrols (Table 1). This finding could 
not be explained on a familial basis, since there was 
no significant difference between the prevalence of 
salivary gland malignancies in the families of the ir- 
radiated probands (none found) and in the families 
of the nonirradiated controls (one found). 


Three salivary gland cancers were found in the 
“probable salivary gland irradiated probands,” two 
during the survey and one during the registry 
follow-up. Two of the carcinomas were mucoepi- 
dermoid in type, and the third was a mixed carcin- 
oma with local invasion. The parotid gland was the 
primary site for two of the cancers, and a subman- 
dibular gland was the primary site for the third. No 
salivary gland cancers were found in the 712 ir- 
radiated subjects whose salivary glands had been 
previously judged to have a low probability of hav- 
ing been included directly in the radiation field. 


The primary eonditions for which the irradiated 
probands received treatment and their mean total 
radiation exposure in roentgens are indicated in 
Table 2. Estimates made from records of two of the 
three subjects with salivary gland cancer showed 


salivary gland radiation doses in the range of 
500 + 200 rads. 


The mean age of the probands at the time of irra- 
diation was 5.1 years. The mean time from irradi- 
ation to survey follow-up was 21.5 years, and the 
registry follow-up extended to a mean of 36.5 years 
postirradiation. 


DISCUSSION 


Our survey information is limited to the extent 
that data collection was terminated with a mean 
follow-up of 21.5 years. During the survey we did 
not clinically examine each irradiated subject for 
salivary gland cancer. Although we assumed that 
underestimation of the prevalence of such cancers 
which did not cause individuals to seek medical care 
would be the same in the irradiated and in the con- 
trol groups, we elected to follow these groups in our 
Neoplastic Disease Registry for the continued ap- 
pearance of previously undiscovered salivary gland 
cancers. 


The registry data were limited by the necessary 
but unproven assumption that equal portions of 
each population still lived in the Cincinnati area 
and would be included in the registry. We believe 
that the registry data provide a minimum estimate 
of the number of additional excess cases which 
might have been found if all subjects still lived in 
this area. 


In spite of these limitations, our data indicate 
that there is an increased risk of salivary gland 
cancers following external radiotherapy to the head 
and neck for benign diseases in childhood. The pre- 
valence of such radiation-associated salivary gland 
cancers in our series appears to increase with the ra- 
diation dose (Table 2), a finding consistent with 
previous reports in the literature (Table 3). 
Although the risk appears to be quite small, 
especially at radiation doses below 100 rads, a 
careful evaluation of the salivary glands during the 
routine examination of previously irradiated per- 
sons would seem prudent. 
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Histopathological examination of the temporal bene of an individual with necrotizing external otitis revealed severe inflammation 
with necrosis in the subcutaneous granulation tissue m the external auditory-eanal. Erosion of the bony walls of the canal had created a 
defect in the anterior wall, through which infection spread to the preauricular region. The lateral part of the middle ear cavity was also 
filled with granulation tissue and purulent exudate. A deaiscence of the hor zontal portion of the facial canal had apparently allowed 
spread of an inflammatory round cell infiltrate along the facial nerve up to thefundus of the internal auditory canal. The only evidence of 
inner ear pathology was the presence of eosinophilic fluid material in the perilymphatic spaces of the labyrinth. A review of other reports of 
cases of necrotizing external otitis seems to show that this is the only instance-of this disease in which infection spread from the external 
canal through the tympanic membrane to the middle ear and thence to the internal auditory canal. 


Necrotizing (malignant) external otitis* was first 
introduced by Chandler’ in 1968 to describe a par- 
ticularly severe form of external otitis which pri- 
marily affects elderly diabetics. The causative or- 
ganism in this disease is uniformly the baeterium 
Pseudomonas aeruginosa. Chandler? described the 
disease as “malignant” because of its resistance to 
treatment, the destruction of the temporal bone and 
the base of the skull characteristic of the disease, the 
multiple cranial nerve palsies associated with this 
destruction, and the overall poor prognosis for in- 
dividuals with this disease. Subsequently, many 
other authors have described their clinical exper- 
iences in treating patients with this disease. 


In 1959, before necrotizing external otitis was in- 
troduced, Meltzer and Kelemen’ reported the Pisto- 
pathological findings in a case of osteomyelitis of 
the temporal bone, mandible, and zygoma. The in- 
dividual so affected was an elderly male with severe 
diabetes, and Pseudomonas was repeatedly isol ated 
from the exudate. In 1971, Morgenstein and Seung‘ 
presented a temporal bone histopathology cas re- 
port on a patient who was mildly diabetic anc suf- 
fered from Pseudomonas mastoiditis. Wilsen et al’ 
in 1971 and Shanon et al‘ in 1972 reported on the 
clinical findings in cases of necrotizing external 

“It is the authors present opinion as suggested by Evans amd Richards! 
that the term “necrotizing external otitis” rather than “malignant external 
otitis” is appropriate since the word “necrotizing” describes more precisely 


the pathology, and patients will not be mislead by the word “malègnant” 
because it is suggestive of a neoplastic etiology. 


otitis and made reference to histologic examinations 
of the temporal bones in these cases; however, they 
did not describe the histological findings in full 
deta:l. Recently, Kohut and Lindsay’ described his- 
topachologic alterations in the temporal bone of a 
diabetie patient who died of a brain abscess secon- 
dary to necrotizing external otitis which was pseu- 
domenous in origin. 


This is the fourth report to describe fully the tem- 
poral bone histopathology associated with Pseudo- 
monas ear infection in a diabetic. Furthermore, it is 
only the second report to describe completely the 
temporal bone histopathology in a case of what is 
now known at necrotizing external otitis. 


CASE REPORT 


A 79-year-old white male was admitted to the 
Eye and Ear Hospital of Pittsburgh on October 2, 
1972, because of a “clogged” feeling and severe 
hearing loss in his left ear. For three months prior to 
adm:ssion, he had had persistent and progressive 
pain in the left external ear and temporal region. 
He complained not only of a metallic taste on the 
left side of his tongue but also of intermittent diz- 
ziness, and he had had some trismus for several 
weeks. He had been a diabetic, but well controlled, 
for 20 years prior to admission. His past history was 
otherwise unremarkable. 


On admission, a physical examination revealed a 
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PURE—TONE AUDIOGRAM 
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Fig. 1. Audiogram of a patient with necrotizing external 
otitis, obtained E8 days prior to his death. Right ear: 
average hearing loss — 33 dB, hearing level for speech — 
26 dB, discriminaticn score — 100%. Left ear: could not 
test due to packing in the ear canal. 


purulent discharge and a large amount of aural 
granulation tissue filling the left external auditory 
canal. Swelling of the external auditory canal, the 
auricle, and the entire parotid gland and preauri- 
cular area was also observed. 


It was impossble to test the left ear for air con- 
duction because of the occlusion of the external 
auditory canal; however, there was a high frequen- 
cy hearing loss -or bone conduction (Fig. 1). The 
right ear showec a moderate sensorineural hearing 
loss combined with a slight conductive component. 
No evidence of facial weakness, nystagmus, or of 
other cranial nerve deficits was noted. A culture of 
the exudate in tke patient’s left ear showed P aeru- 
ginosa and coagilase-negative Staphylococcus epi- 
dermidis. 


During the coarse of his hospital stay, the patient 
underwent two operations which confirmed the 
diagnosis of necrotizing external otitis. These opera- 
tions revealed the left mastoid to be completely nor- 
mal; the left middle ear was partly filled with 
granulation tisswe and there was a defect in the 
anterior wall of the left external auditory canal. Ad- 
ditionally, the Eft parotid gland showed inflam- 
matory changes. The patient was treated with gen- 
tamicin 80 mg tkree times a day for seven days and 
carbenicillin 1 g every hour for five days, as well as 
with Garamycin®* applied topically to the left ear 
canal. On Octoker 22, 1972, the patient died as a 
result of cardiac arrest. 


The postmortem examination revealed a myocar- 
dial infarction waich was considered to be the cause 
of death. At this time, both temporal bones were 
removed and fixed in 10% formalin. After decalci- 
fication and detydration they were embedded in 


“Schering Corp, Ken lworth, NJ. 





Fig. 2. Left ear. Osteoclasts (arrows) destroying the 
posterior wall of the external auditory canal. (H & E 
x6 


celloidin and sectioned horizontally at 20 p. Every 
tenth section was stained with hematoxylin and 
eosin, and studied under a light microscope. 


TEMPORAL BONE HISTOPATHOLOGY 


LEFT EAR 


External Ear. The inflammation of the external 
auditory canal was evidenced by fibroblastic and 
capillary proliferation in stages from granulation to 
fibrosis and by the presence of a mixture of acute 
and chronic inflammatory cells. There were re- 
maining focal necrosis and hyperplasia of the skin of 
the canal wall. The inflammation was most striking 
in the medial portion of the external auditory canal 
where it became widely confluent with the inflam- 
mation of the middle ear through most of the tym- 
panic membrane. Both the anterior and posterior 
bony walls were eroded by osteoclastic activity 
(Fig. 2). In particular, total destruction of the bony 
matrix of the anterior wall medially had permitted 
the inflammation to spread to the preauricular 
region (Fig. 3). 


Middle Ear. 


TYMPANIC MEMBRANE. The tympanic membrane had 
been completely destroyed as a result of the severe 
inflammation in the external and middle ears. 
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Fig. 3. Left ear. Note the bony defect in the anterior wall of the external auditory canal (arrows) and severe inflamma- 
tion in the external ear (EE) and the middle ear (MẸ) with granulation tissue and purulent exudate evident. C - Cochlea. 


(H & E, x11.5) 


MIDDLE EAR CAVITY. The inflammation preseat in 
the middle ear cavity was continuous with that of 
the external auditory canal. The mucous menbrane 
was hyperplastic with conspicuous inflam metory 
round cell infiltration, and the lateral par o the 
middle ear cavity was filled with granulaticn t ssue 
and purulent exudate (Fig. 3). The lateral portion 
of the anterior wall of the middle ear cavit- was so 
severely eroded by inflammation in the area dja- 
cent to the external auditory canal that it was total- 
ly destroyed. Numerous osteoclasts and ost2oHasts 
gave evidence of active bone resorption and new 
bone formation in this area. Erosion of the posterior 
and medial walls was much less pronounced -han 
that noted in the anterior walls. 


OssICLES. The malleus was almost corapletely 
destroyed (Fig. 4). The erosion of the incus wa: less 
marked, a large part of the body, the short >rczess, 
and the long process having been spared. The stapes 
had been thinned by surface erosion, and the crura 
had been displaced inwardly by the granulæioa tis- 
sue to form a narrowed foramen obturaturr . 


EUSTACHIAN TUBE. The inflammation exteaded 
anteriorly into the eustachian tube, destro-ing the 
bony portion and filling the tube with graruletion 
tissue. 


FACIAL NERVE. There was a dehiscence of tke facial 
canal in its horizontal portion through wlict the 
submucosal inflammatory round cells had nvaded 
the canal and surrounded the facial nerwe. This 
round cell infiltration was observed also in the 
trunk of the facial nerve itself, being mest pro- 
nounced near the genu (Fig. 5). Such infatretion 


was also seen along the greater superficial petrosal 
nerve near the facial hiatus. The round cells in the 
areas mentioned above were mostly lymphocytes 
and polymorphonuclear leukocytes. 





Pig. 4. Left ear. Conspicuous erosion of the malleus (M) 
as a result of inflammatory process (*). I - Incus; H - 
Herizontal canal; S - Superior canal. (H & E, x13) 
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CHORDA TYMPAN NERVE. The chorda tympani nerve 
was not seen in most of its course in the middle ear 
cavity where there was a marked amount of inflam- 
mation, but faintly stained fibers of this nerve were 
seen to approacl the bony canaliculi itae chordae 
anterior (Fig. 5A® and itae chordae posterior. 


MASTOID. The mastoid cavity had been drilled out 
in previous operations. There was no evidence of 
destruction of the remaining trabeculae by osteo- 





Fig. 5. Left ear. A) Inflammatory round cell infiltration in the 
facial canal. B - Dehiscence of the horizontal portion of the facial 
canal (this area is observed under higher magnification in Fig. 
5B); C - Labyrinthine portion of the facial canal (this area is 
observed under higher magnification in Fig. 5C); CH - Chorda 
tympani nerve; G - Genu portion of the facial nerve; V - Vestibule 
(H & E, x12). B) Bony dehiscence (large arrow) of the facial canal 
permitting round cell infiltration around the facial nerve. The 
nerve itself is also infiltrated by round cells (small arrow) (H & E, 
x127). C) Round cell infiltration in the facial nerve as it enters the 
internal auditory canal (H & E, x313). 


clasts or osteoblasts. A lesser degree of round cell in- 
filtration was present in the mastoid mucosa than 
was found in the middle ear mucosa, which seems 
to indicate that the inflammation had spread to the 
mastoid from the middle ear. 


Inner Ear. No inflammatory round cell infiltrate 
was present in the inner ear. 


COCHLEA. In the scala vestibuli and scala tympani, 
homogeneous eosinophilic fluid was present in a 
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layer in contact with the basilar membrane. Neither 
hydrops nor collapse of the cochlear duct was ob- 
served. The organ of Corti seemed free of patho- 
logic changes. The population of spiral ganglion 
cells as well as that of cochlear nerve fibers w2s con- 
sidered to be normal. 


VESTIBULE. Homogeneous eosinophilic fluid, pre- 
sumably of the same character as that seen in the 
cochlea, was observed to fill the perilyamphatic 
space uniformly. The maculae of the saceule and 
utricle and the cristae of the three semicircular 
canals were considered to be normal as were the 
nerve fibers. 


ENDOLYMPHATIC SAC. The rugose portion of the en- 
dolymphatic sac was lined with cuboidal eels and 
contained protein-rich eosinophilic materia. 


Internal Auditory Canal. Inflammatory round 
cell infiltration, although of mild degree. was ob- 
served in the fundus of the internal auditory canal. 
The presence of those inflammatory round cells 
along the course of the facial nerve in its labyrin- 
thine portion indicated that the inflamma‘ior had 
spread from the middle ear into the interna! audi- 
tory canal (Fig. 5). The cochlear nerve. the 
vestibular nerve, and the facial nerve seemed -o be 
normal, 


Other Findings. Some evidence of ostecm»elitis 
with new bone formation, although not severe was 
noted in the petrous apex. There was no particular 
osteoclastic activity observed. 


RIGHT EAR 


In contrast to the severe changes in the let ear 
characteristic of necrotizing external otitis the right 
ear showed virtually no pathology and wes re- 
garded as being essentially normal. 


DISCUSSION 


Reports and studies on the association of hearing 
impairment with diabetes have been accumulating 
for over 100 years. Before the advent of insulin 
therapy for diabetes, ear infections in individuals 
suffering from this disorder were dreaded beeause 
of the rapidity with which the inflammatory pro- 
cess destroyed hearing. Raynaud® (1881) drew at- 
tention to this problem, which he called diabetic 
otitis. Steinbrugge’® (1891) and Manasse'’ (904) 
also reported on the histopathology of diabetic ear 
infections. 


Although Pseudomonas aeruginosa was originally 
described as being of low virulence, the ger=ra_ role 
that this microorganism plays in the development of 
ear disease was elucidated by Voss'! (1906). and 
Stanley’? reported that it could cause an extremely 
invasive type of infection. The significance-of seu- 


domonas as an etiologic factor in external otitis was 
tho-eughly discussed by Senturia'’? (1957). 


I+ was Chandler? (1968), however, who first 
drew attention to a particularly severe type of exter- 
na otitis which tended to affect elderly diabetic pa- 
tients and in which the causative agent was uniform- 
ly Fseudomonas. He used the term “malignant ex- 
terr al otitis” to describe this serious infection since 
the term “malignant” accurately describes the typi- 
cal clinical course. Several clinical case reports de- 
scribing this entity were subsequently published,! 56.14.15 
anid other investigators discussed the neurologic 
com plications.'®'” and radiologic findings'® which 
mer be associated with necrotizing external otitis. 
In 1973, Evans and Richards’ suggested the use of 
the term “necrotizing otitis externa” rather than 
“melignant otitis externa” which may be misleading 
to the patient since it is suggestive of neoplastic 
etiology. It was then reported that this ailment 
cou d affect not only elderly diabetic patients, but 
alsə children under certain circumstances.'*:° 


<ohut and Lindsay’ reported temporal bone his- 
topathological findings in a patient with necro- 
tiz-mg external otitis. They suggested the following 
mechanism of inflammatory invasion of this dis- 
ease: The invasion of the external auditory canal is 
du= to local bone necrosis. This in turn extends to 
the submucosal vasculature of the pneumatic 
speees. The infectious process extends submuco- 
sal», establishing one or several sites of bone de- 
striction. 

Recently, some interesting findings concerning 
the site of the lesion were made. Cohn?! observed 
thet the Pseudomonas infection might take a similar 
rapidly progressive course in patients when the in- 
itic] site of the infection was the middle ear and 
mastoid, and proposed the term “progressive necro- 
tizimg otitis” for this process. Badrawy et al”? sug- 
gested that “necrotizing external otitis” is due to a 
masked middle ear infection extending to the mas- 
toid process and bulging toward the floor of the ex- 
ternal auditory canal. 


The two operations performed on this patient 
succeeded in excluding the presence of a neoplasm 
and confirmed the presence of the inflammation 
thet extended beyond the confines of the external 
ear, thus establishing the diagnosis of necrotizing 
external otitis. Chandler? stated that the tympanic 
membrane was extremely resistant to this particular 
inf ammatory process, and that the middle ear, if 
invclved at all, became so only late in the course of 
the disease by way of the mastoid process. A case re- 
ported histopathologically by Kohut and Lindsay’ 
demonstrated no evidence of active bone destruc- 
tion in the middle ear cavity, whereas the bone ad- 
jacent to the pneumatic spaces was severely in- 
volved. In the present case, however, it was demon- 
stra-ed that the mastoid was normal, while the lat- 
eral portion of the middle ear was found to be filled 
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with granulatior tissue. Histopathologic examin- 
ation of this temporal bone revealed the presence of 
pronounced changes: there was necrotic granu- 
lation tissue in the external and middle ears with the 
changes being least severe in the mastoid region. 
From the clinical history it appears that the external 
auditory canal was the original site of infection and 
that the infection atypically took a direct course in- 
to the middle ear through the tympanic membrane 
rather than throagh the mastoid. This middle ear 
infection might Fave been the cause of destruction 
of the chorda tym pani nerve in the middle ear cavi- 
ty and may exp ain the clinical complaint of “a 
metallic taste on the left side of the tongue.” 


The pathologie changes observed were severe in 
the present case, as evidenced by extension of the in- 
flammation to the preauricular region through the 
defect in the anterior wall of the bony external 
auditory canal, which was continuous with the an- 
terior bony defec- of the middle ear cavity. In most 
cases such infection gains access to the surrounding 
tissues through <n area where the cartilage and 
bone are absent er through the incisura Santorini. 
Trismus, one of this patient’s complaints, might 
have been seconcary to extensive inflammatory le- 
sions in the preauvicular area. 


Chandler’*** has described several ways in which 
an infectious proeess in the external auditory canal 
might reach the facial nerve. One of the most likely 
of these is involvement of the nerve at its exit from 
the stylomastoid oramen, while some reports have 
confirmed infectious involvement of the facial 
nerve in this area associated with necrotizing exter- 
nal otitis."°'* Morgenstein and Seung’ found the 
nerve disrupted in its entire horizontal portion 
where dehiscence of the facial canal had permitted 
the massive invasion of inflammatory cells. 


Joachims,” during an operation for necrotizing 
external otitis, observed destruction of the fallopian 
canal in its horizontal portion and the superior third 
of its descending dortion, as well as atrophy and/or 


absence of the facial nerve in the middle ear. In the 
case reported by Meltzer and Kelemen’? the facial 
palsy was attributed to edema of the sheath which 
had occurred as a result of osteitis. Shanon et alf ob- 
served perineural inflammatory infiltration in the 
vicinity of the vertical portion of the facial nerve in 
the case they studied. In the present case, submu- 
cosal inflammatory round cells entered the facial 
canal through a bony dehiscence in the horizontal 
portion of the fallopian canal and invaded the facial 
nerve in its horizontal and genu portions. 


This round cell infiltration of the facial nerve 
which had spread to the fundus of the internal audi- 
tory canal is the significant finding in our case. To 
our knowledge such a spread of infection from the 
middle ear to the internal auditory canal has not 
been reported previously. In the reports presented 
by Meltzer and Kelemen’ and by Morgenstein and 
Seung* there was no evidence of infection in the in- 
ternal auditory canal, and in the cases reported by 
Wilson et alë the infection was observed to have in- 
vaded from the posterior cranial fossa, rather than 
from the middle ear. 


In contrast to the severe inflammation present in 
the external and middle ears of the present case, no 
particular inflammatory cell infiltration was noted 
in the inner ear. Again, while Wilson et alë observed 
purulent labyrinthitis which had seemingly spread 
from the posterior cranial fossa, neither Meltzer 
and Kelemen’ nor Morgenstein and Seung* found 
infection in the inner ear. The inner ear thus ap- 
pears to be resistant to the spread of inflammation 
from the middle ear through the facial canal and 
the cribriform plate. However, in this case the 
presence of homogeneous eosinophilic material in 
the perilymphatic space may be evidence for a reac- 
tion to the inflammation of the fundus of the inter- 
nal auditory canal and middle ear. Such a reaction 
could have caused the clinical symptoms of high fre- 
quency sensorineural hearing loss and dizziness 
which our patient experienced. 
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PROSTHETIC VOCAL REHABILITATION FOLLOWING 
LARYNGECTOMY 


THE VOICE BUTTON 


WILLIAM R. PANJE, MD 


Iowa CITY, IOWA 


The Voice Butten is a simple biflanged silicone device placed in the tracheoesophageal wall which has been found to enable speech 
without aspiration ia approximately 80% of unselected laryngectomy patients. A simple surgical outpatient procedure provides the 
necessary tracheoesoy hageal fistula for insertion of the Voice Button. Indications, results, advantages, disadvantages and complications are 


discussed. 


Prosthetic restoration of speech dates back to the 
time of the first laryngectomy performed by Bill- 
roth in 1873. The early technique of laryngectomy 
was to create a fistula in the gullet through the 
neck. In order to prevent aspiration of saliva into 
the trachea a tubular device with a vibrating reed, 
similar to the present day fenestrated tracheostomy 
tube, was made by one of Billroth’s students. The 
device not only drevented aspiration, but restored 
the patient’s voice. Subsequent modifications of the 
laryngectomy operation in which the trachea was 
brought out thrcugh the neck and the gullet closed 
resulted in design changes of the prosthetic device 
used for vocal rehabilitation. The devices in general 
became more cemplicated, with variable patient 
and surgeon sati-faction.! 


Most recently Blom and Singer? and Singer and 
Blom’ have developed an inexpensive, miniature, 
valved prosthesis that allows for rapid voice reha- 
bilitation with minimal complications. The pros- 
thesis is inserted approximately two days following 
an endoscopic procedure in which a midline trache- 
oesophageal “puncture” is performed. The device 
projects through the upper part of the tracheostoma 
and is taped to the neck. The patient is hospitalized 
for approximately 5-7 days. Drawbacks of the de- 
vice appear to b= minimal with a success rate ap- 
proaching 90%. 


Because of the problems encountered with the 
various tracheoesophageal (TE) fistula operations, 
a silicone device (Voice Button, U.S. Patent No. 
156,177) was developed that could be inserted 
through the previously formed fistula tract that 
would prevent ¿spiration and stenosis and allow 
vocalization. Beeause of the success of the Voice 
Button in ove-coming “neoglottic” operative 
failures and the encouraging reports by Singer and 
Blom with their prosthesis, placement of the Voice 
Button was utilized as a primary procedure in 24 
laryngectomized patients. The present report con- 


firms that a high rate of success with minimal com- 
plications can be expected with the TE fistula- 
prosthetic technique for voice rehabilitation. 


Advantages of the Voice Button compared with 
the Blom-Singer device are: placement is accom- 
plished with an outpatient surgical procedure re- 
quiring no special instrumentation, the prosthesis is 
self-contained within the tracheostoma, it cannot 
be dislodged unintentionally, and no sizing is 
needed. 


Specifications of the Voice Button. The Voice 
Button is a biflanged silicone tube (No. 14 French) 
with a one-way valve at one end and open at the 
other end (Fig. 1). The device is,/1.5 cm long and the 
largest flange (tracheal side) is 13 mm in diameter. 
The inner flange (esophageal side) measures 10 mm 
and is located 7 mm or 12 mm from the larger 
flanges. A 30.5 cm string attached to the large- 
flange side of the prosthesis is used to dislodge and 
prevent aspiration of the device. 


Since the device is self-contained within the tra- 
cheostoma an inserter must be used in order to place 
the Voice Button. The inserter is made of wire and 
comes in various handle lengths to accommodate 
patient dexterity, which is variable, especially 
among arthritics. 


l 
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Fig. 1. Voice Button. A) Short type; B) long type. 


From the Departnænt of Otolaryngology and Maxillofacial Surgery, Division of Head and Neck Surgery, University of Iowa Hospitals, Iowa City. 
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The Voice Button valve tip is of two types the 
short type (Fig. 1A), which emanates 6 mm ‘rom 
the inner flange, has a four-flutter flap, ene way 
valve; this model has been the most frequently used. 
The long-type Voice Button (Fig. 1B) was dvel- 
oped for patients who cannot generate sufficient 
lung pressure for good long-term vocalization. and 
is for some patients easier to insert than the -hort 
type. 


SURGICAL PROCEDURE 


In preparation for placement of the Voice Betton 
a tracheoesophageal fistula is created, a procedure 
that can be done easily on an outpatient basis. In- 
strumentation should include a headlight, air suc- 
tion equipment, soft-tissue surgical instruments, 
5% cocaine solution, 2% Viscus Xylocaine®. 1% 
Xylocaine with 1:100,000 epinephrine for injecion, 
and Nos. 32 and 34 French thick-walled rubber 
tubes* for females, and Nos. 38 and 40 for male. 


The patient’s pharynx and esophagus are anes- 
thetized with Viscus Xylocaine. The tracheal tree is 
copiously sprayed with 5% cocaine. The tracheo- 
stoma must measure at least 1.5 cm diameter. An 
appropriately sized esophageal tube is passed with 
visualization of the posterior wall of the treche- 
ostoma. As the esophageal tube passes the area of 
the tracheostoma a bulge will be seen to develcp. It 
is crucial to ascertain the point of maximum Fulge 
because this is the anterior midpoint of the 
esophagus. This midpoint can vary depending apon 
the extent of the original surgical resection and 
whether a neck dissection has been performed. The 
patient is placed in the supine position and the mid- 
point of the esophagus is injected through the mem- 
branous tracheal wall with 0.5 cc of 1% Xyloeaine 


*If Hurst or Maloney dilators are used for this purpose the mercury must 
be emptied. Weight is not needed since the tube is acting to mildly -xpand 
(not dilate) the esophagus so that the membranous tracheal wall will be 
made evident, and also to protect the posterior esophageal wall from in- 
jury. 





Fig. 2. Voice Button. A) On insert- 
er being put into fistula; B) in place. 





with epinephrine. A No. 22-gauge spinal needle is 
then inserted through the intended fistula site into 
the rubber esophageal tube. The fistula site should 
be made just above the level of the lower verge of 
the tracheostoma. Note: the fistula is usually placed 
approximately 1 cm from the upper verge of the 
tracheostoma. The site is more inferiorly located 
than that of the puncture site suggested by Singer 
for p.acement of his valve. Trying to use the Voice 
Button in the Singer puncture site is not suggested 
since the tracheosophageal wall has varying degrees 
of th ckness in this area, unlike the area suggested 
for the Voice Button. It is important that the pa- 
tient be able to see the opening for easier prosthetic 
insertion. An incision is then made with a No. 15 or 
11 Berd-Parker blade at the midpoint site. The inci- 
sion =s made vertically, approximately 7-10 mm in 
length from the spinal needle down to the esoph- 
ageal tube. The tracheoesophageal wall varies in 
thickness between 5 and 10 mm. The esophageal 
muccsa may be attached to tracheal mucosa with 
4-0 cbsorbable sutures. A No. 14 rubber catheter, 
previously cut to approximately 10 cm, is then in- 
serted toward the stomach through the TE fistula 
upor slow withdrawal of the esophageal tube. The 
catheter is tied with a string to the neck similar to 
the placement of a tracheostomy tube. It is impor- 
tant to occlude the catheter by either tying the 
strinz tightly or plugging the cut end of the catheter 
in order to avoid regurgitation of fluids through the 
catheter. 


The patient is instructed not to remove the cathe- 
ter. If the catheter comes out it should be imme- 
diately reinserted. The patient can do this and 
shoud be instructed on how to do it before leaving 
the office. There may be some leakage of liquids 
arouad the catheter upon drinking for the first 4-25 
hours. This leakage is reduced by taking solid foods 
at the same time liquids are consumed. Patients are 
given a 5-day course of penicillin or erythromycin. 
In approximately 7-14 days the patient returns to 


118 WILLIAM R. PANJE 





A 


the office. The “oice Button is inserted through the 
TE fistula site and the patient given instructions on 
insertion and re noval (Figs. 2 and 3). The device is 
cleaned once a cay. The patient is then encouraged 
to consult a speech pathologist for training in respir- 
atory muscle coatrol, stomal capping methods, and 
muscle relaxation techniques. 


RESULTS 


Twenty-four »atients have undergone prosthetic 
vocal rehabilitetion since December 1978. Ages 
ranged from 42-67 years, 21 of 24 were male, and 
occupations wee varied. Approximately a third of 
the patient popalation was drawn from the ENT 
Service of the Iowa City VA Hospital. All had had a 
wide-field total laryngectomy. Seventeen had a 
unilateral neck lissection and two a bilateral neck 
dissection. Twerty had received radiation therapy, 
12 preoperative y and 8 postoperatively. Six pa- 
tients had been irradiation failures. Two patients 
had TE fistulas created at the time of the total 
laryngectomy, with stenting of the fistula with a 
No. 14 French feeding catheter. They were fed 
through this tut= during the postoperative period, 
thus avoiding nesal intubation. 


There have been four failures to date. Two pa- 
tients were unatle to achieve speech although one 
was able to speak under Valium® sedation. Both 
patients had urdergone postoperative irradiation 
within one year ef placement of the prosthesis. Two 
patients have been failures because of inability to 
efficiently insert -he short type of prosthesis because 
of irritation and subsequent thickness of the trache- 
oesophageal par ing wall. Their fistula sites were 
allowed to heal pontaneously. Two other patients 
who were initia failures because of inability to 
place the short-t~pe Voice Button became successes 
with the advent f the long-type Voice Button. One 
of these patients was a moderately severe arthritic 
who had sufficient dexterity problems to preclude 
satisfactory use cf the short-type prosthesis. 


Four patients had developed some esophageal 
speech before plæement of the Voice Button. These 
patients requested the prosthesis because of lack of 
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Fig. 3. A) Tracheoesophageal 
fistula as seen through stoma two 
weeks postoperatively. B) Voice But- 
ton as seen through tracheostoma of 
patient. 


voice volume, intelligibility, or inability to carry on 
a sustained conversation. All of these patients have 
been very successful with the Voice Button. They 
are able to use esophageal speech for 2-4 syllable 
phrases such as “Good Day,” “Hi,” “Stop,” without 
having to occlude their tracheostomas. When they 
desire increased volume or extended conversation 
they occlude the stoma and use prosthetic neolaryn- 
geal speech. There were no surgical or infectious 
complications. Improper positioning of the TE fist- 
ula in several early cases was corrected by allowing 
the fistula to spontaneously close and redoing a 
more centrally located opening as described above. 


All patients have been successful in not having 
aspiration of liquids or foods (Fig. 4). If aspiration 
did occur it was because the prosthetic valve had 
not been properly inserted or had deteriorated. In- 
structing the patient to gently pull on the valve’s 
strings after insertion will aid in insurance of proper 
placement. Simple replacement with a new Voice 
Button allowed resumption of deglutition without 
aspiration in those patients who were properly in- 
serting the valve. Deterioration rate has been varia- 
ble to date, ranging anywhere from several weeks to 
eight months. This is probably related to variability 
of custom making of the device and how well the 
patient inserts the device. 


There have been no extrusions or inadvertent dis- 
lodging of the Voice Button prosthesis, even during 
vomiting and excessive coughing. The biflange fea- 
ture of the prosthesis allows the patient to test for 
positioning by gently tugging on the dislodging 
string. A popping sensation after insertion is fre- 
quently felt by the patient when the Voice Button 
has been properly inserted. 


The external neck surface does not influence use 
of the Voice Button since nothing is needed to fix 
the prosthesis to the stoma. The one drawback that 
must be overcome is the size of the tracheostoma, 
which must be at least 1.5 cm in diameter. 


Patient Selection. As with most treatment plans, 
patient selection can significantly bias the end re- 
sults to the point of misleading the observer as to the 
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effectiveness of the treatment or technique. Just as 
the attainment of esophageal speech is markedl» in- 
fluenced by patient anatomy, interest, intelligence 
and habits, so might these factors influence the-suc- 
cess of prosthetic vocal rehabilitation. Althcugh 
these factors were not specifically analyzed in this 
study, patient selection was limited by the fol_ow- 
ing physical characteristics: stomal diameter, dex- 
terity of the patient, and thickness of the tra- 
cheoesophageal wall. If the stoma was too large for 
finger or thumb coverage, a sponge pad acted as an 
effective occlusive device. The sponge device also 
minimized stomal irritation following irradiation. 
(There was at least a 6-month delay between ir- 
radiation and prosthetic replacement.) 


Patients with impaired manual dexterity are not 
good candidates for the type of prosthetic devices 
described herein. Severe arthritics and persons with 
parkinsonism are definitely not suitable candidates. 


Thickness of the tracheoesophageal wall ean be a 
problem in insertion of the Voice Button. Usually 
the wall is < 1 cm in thickness. However, frequent 
removal and reinsertion of the device can cause ir- 
ritation of the fistula with concomitant thickening 
of the tracheoesophageal wall. The patient should 
not remove and reinsert the prosthesis more -han 
once a day to avoid irritation, and should be so in- 
structed. The best method for avoiding irritaticn at 


Fig. 4. Barium swallow film with 
Voice Button in place. A) No aspira- 
tion; arrow indicates location of 
Voice Button. B) Patient forcing air 
through Voice Button producing 
sound. Note ballooning of esophagus 
at level of button. 


the fistula site is to have the patient remove the 
valve at night before going to bed. The catheter 
used for original stenting of the fistula is then worn 
overnight. Upon arising the catheter is removed and 
the Veice Button inserted. If granulation tissue 
develops at the fistula site simple chemical cauteri- 
zation and returning to the catheter for a 2-4 day 
contimuous wearing period will allow for easier in- 
sertion of the valve. 


Patients with excessive lung disease who cannot 
generate moderate stomal pressure against the sur- 
geons thumb, asthmatics, or patients who cough 
excessively with stomal capping do not appear to be 
good candidates for this or any other type of TE 
fistula procedure. 


The air insufflation test has been advocated by 
some as a determinant of those patients who will do 
best with TE fistula sound production. This specific 
test was not done in this study. However, both pa- 
tients who failed to develop speech with Voice But- 
ton placement had had sound production on the ad- 
ministration of air into the esophagus via a small 
catheter, which seems to demonstrate the capri- 
cious nature of the test and the variability among 
patients. 


Twenty-two patients achieved speech following 
fistula site maturation regardless of the Voice But- 
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ton’s presence. Of these “successful” patients five 
could not achieve sustained connected speech. They 
could produce only 3-5 syllables. These patients 
acted as if the~ were tightening their pharyngeal 
muscles. Valium helped two to increase the number 
of syllables produced in one breath; however the 
others were un-ffected. 


DISCUSSION 


The Voice Button prosthesis technique appears to 
be an acceptabE method for vocal rehabilitation of 
the laryngectomy patient who has not achieved sat- 
isfactory esophegeal speech. Although the initial re- 
sults with prosthetic TE fistula speech production 
have been encouraging, the primary use of this 
technique at the time of laryngectomy does not ap- 
pear, at this tin=, to be in the best interest of the pa- 
tient or the surgecn. This conclusion is based on ex- 
perience with anumber of TE fistula patients, both 
prosthetic and sirgery-only, in whom appreciation, 
self-managemert, reduced physician-patient con- 
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tact time, and, in general, overall success appeared 
better with a delayed fistula operation. 


The question of doing the surgical-only method 
versus the prosthetic-fistula method appears to need 
further investigation. However, the excellent results 
of Singer’s prosthesis-puncture technique and the 
results obtained with the Voice Button prosthesis 
would suggest the superiority of the prosthetic 
technique. This is especially true for the head and 
neck surgeon who occasionally encounters the lar- 
yngectomy patient needing voice rehabilitation. 
The TE fistula-prosthesis procedure offers a tech- 
nique that is reproducible, highly successful, inex- 
pensive, and reversible. Additional advantages of 
the TE fistula-Voice Button procedure over those 
using other presently available prosthetic valves are 
that placement of the Voice Button can be done on 
an outpatient basis, requires no adhesives or sizing, 
and literally cannot dislodge accidentally. Finally 
the Voice Button provides two different valve sys- 
tems that effectively preclude aspiration while 
reducing lung pressure for sound production. 
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QUANTITATIVE STUDY OF SCARPA’S GANGLION AND 
VESTIBULAR SENSE ORGANS IN ENDOLYMPHATIC HYDROPS 


ERNST RICHTER, MD 


INNSBRUCK, AUSTRIA 


The density of vestibular hair cells and the number of neurons in Scarpa’s ganglion were estimated for 11 temporal bones with en- 
dolymphatic hydrops. The ten subjects from which thes benes were taken ell exhibited decreased caloric response (when tested), fluc- 
tuating hearing loss, and episodic vertigo. The degenerat on »: vestibular sense organs was found within the “normal” range for all except 
one case, which showed total degeneration of the posteri«r crista ampullaris. Ganglion cell counts in all cases were low. In three of the ten 
subjects, counts fell below the lowest values seen in a saraplecf “normal” ears. These three subjects exhibited fluctuating hearing loss and 
episodic vertigo for more than six years prior to death. Inscases of unilateral enciclymphatic hydrops there was no significant difference be- 
tween counts in the affected and unaffected ear. Thus, fhe apparent ganglier cell degeneration may be due to ear disease other than en- 


dolymphatic hydrops. 


INTRODUCTION 


Most studies of temporal bones from indi~idmals 
exhibiting the symptoms characteristic of Meniére’s 
disease report the presence of endolympha ic hy- 
drops.'*° In one case with a short symptomatic 
period, endolymphatic hydrops was not seen.’ 
When present, the extent of the hydrops varies from 
involvement of the apical turn only? to distertion of 
the cochlear duct in all turns with outpouchngs or 
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rupt mes.’ Other studies have reported changes of 
the vestibular sensory epithelia’®'S in material from 
indiv:duals with Meniére’s disease, but appropriate 
normal material was not examined. Degeneration 
of Scarpa’s ganglion has also been reported, but in 
these cases the presence or absence of endolym- 
phatic hydrops could not be determined.'*’’ 


The purpose of the present study was to quantify 
the sensory cell and ganglion cell populations of ears 
with clear endolymphatic hydrops. These data 
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Fig. 1. Photomicrograph of a midmodiolar secion through the cochlea of the 78-year-old female (Table 1). In the basal 
turn, scala media appears to have swollen to abour twice its normal volame, while in the middle turn it is roughly three times 


normal. (x22) 


From the Department of Otolaryngology, Harvard Medical School, and the Massaz.usetts Eye and Ear Infirmary, Boston. 
REPRINTS — Harold F. Schuknecht, MD, Massachusetts Eye end Ear Infirmary, 243 Charles Street, Boston, MA 02114. 
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TABLE 1. CLINICAL DATA AND GANGLION CELL COUNTS (N = 10) 


First 
Hy- AttackAttack Test 


Last 


Last 


Clinical Tests 


Cell 
Counts 
in 


Discrim. Scarpa’s 


r) Sex Cause of Death Side drops (yr before death) Calorics* Hearing Loss % Ganglia 
58 M Cardiac arrest (anesthesia) R 3 <1 <1 Decreased Flat, 70 dB 44 12,600 
L — <1 Normal No loss 100 12,700 
59 F  Peritonitis, septicemia R + 7 <l <3 Decreased Flat, 30 dB 90 12,800 
L — <3 Normal No loss 100 14,800 
62 F Bronchopneumonia R + 4 <i «l — Flat, 90 dB 16 14,300 
E + 4 <i <] — Flat, 70 dB 48 13,800 
66 M Cereoral infarction R + 7 <1 <l Decreased Low freq loss 88 13,900 
67 M Myocardial infarction R — <5 Normal High freq loss 90 14,700 
L + 5 <l <5 No response Flat, 50-80 dB 78 13,900 
68 F Subdural hematoma R + 6 >2 <1 No response Flat, 75-80 dB — 9,700 
as — <1 No response Flat, 75-80 dB — 10,200 
74 M Rupture of abdominal R + 12 >2 <3 -- Low freq loss -— 9,400 
aorta aneurysm L — <3 — No loss — 11,100 
78 F Cereəral infarction R + 5 <i 2 _ Flat, 60 dB 4 13,800 
78 M Intesinal carcinoma L + 13 <l <l Decreased Flat, 70-80 dB 60 11,200 
87 M Rupture of abdominal R + 10 P — — -— — 10,300 
aorta aneurysm L - — 11,700 

+ - Presence of endolymphatic hydrops; — - Absence of endolymphatic hydrops; Freq - Frequency. 


*Used Kobrak’s minimal test for measurement. 
tCorrected for salit nucleoli. 


could be compered to similar counts made in “nor- 
mal” material from individuals ranging in age from 
l to 91 years.'* *® The relations between the clinical 
symptoms, the degree of cellular degeneration and 
the presence of hvdrops could then be investigated. 


METHODS 


Selection of Temxoral Bones. The temporal bone collection of 
the Massachusetts Eye and Ear Infirmary was screened for cases 
of endolymphatic hydrops. Ten cases, four with bilateral 
hydrops, were selecced. In three ears of the four bilateral cases the 
vestibular nerve hed been lost during temporal bone removal. 
Thus, a total of 1. hydropic and 6 nonhydropic ears could be 
evaluated. Since the scope of this study was limited to idiopathic 
endolymphatic hydrops, temporal bones from cases with known 
disorders which could elicit hydrops (leukosis, syphilitic 
neurolabyrinthitis, -emporal bone fracture) were excluded. Tem- 
poral bones were lso excluded if the subject had a history of 
diabetes mellitus, rediation treatment, cytotoxic or ototoxic treat- 
ment on tumors of the ear since any of these could cause degenera- 
tion of the vestibuler epithelia or their innervation. 


Processing of Temporal Bones. The procedure for tissue pro- 
cessing has been described by Schuknecht.* Temporal bones were 
removed between | and 23 hours postmortem. After fixation in 
Heidenhain-susa so ution, they were decalcified, embedded in 
celloidin and sectioned in the horizontal plane at 20 um. Sections 
were stained with hematoxylin and eosin, and every tenth section 
was mounted for microscopic examination. 


Cell Counts. Counts were performed as described in previous 
papers.'*'? For the ganglion cells the nucleoli were counted in 
every tenth section əf Scarpa’s ganglion. Counts were multiplied 
by the sampling perod and corrected to account for split nucleoli. 
The densities of haï cells and inclusion bodies were determined 
separately for each macula and crista by analysis of those slides in 
which the epithelia appeared in cross section. 


RESULTS 


In 7 of 11 ears, endolymphatic hydrops could be 
described as severe. In at least one cochlear turn, 
Reissner’s membrane seemed to make contact with 


the entire bony wall of scala vestibuli. In these cases 
the volume of scala media was estimated to be three 
to four times normal. In the remaining four ears the 
hydrops of the cochlea was more moderate. Scala 
media was at most about two times the normal vol- 
ume (Fig. 1). The saccular membrane was found 
distended in all cases with cochlear hydrops. In 
most cases the saccular membrane was found to 
make contact with the footplate of the stapes. Vol- 
ume changes in the saccule, utricle and semicircular 
canals were more difficult to estimate. 


In Table 1, the relevant clinical data from each of 
the subjects can be compared to the numbers of ves- 
tibular neurons estimated for each case. The hear- 
ing loss was fluctuating in all cases. Note that the 
individuals who did not report episodes of vertigo 
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Fig. 2. A) Number of ganglion cells and B) vestibular 
hair cell densities plotted as a function of age. 
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Fig. 3. Photomicrograph of section through th 
appear atrophied. The arrow shows a vacuole wi 


during at least the last two years of life had -he 
lowest neuronal counts. Caloric responses are de- 
creased or absent in all ears with endolymphetic 
hydrops. No correlation between decreased ealcric 
responses and low neuronal counts can be seen. 


Ganglion cell counts are plotted as a functior of 
age at death in the left panel of Figure 2. Most of 
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oserior crista of 78-vear-old male (Table 1). Supporting structures (C) 
in the supporting structures. (x30) 


the data fall in the low normal range. In three cases 
the number of neurons in Scarpa’s ganglion appears 
to be lower than normal. In all three cases, the 
counts of the nonhydropic side were within 20% of 
those on the affected side. Right-left differences on 
the order of 20% were not uncommon in ears from 
“normal” individuals.'*'? Values for hair cell den- 
sities are shown in the right panel. In the cases of 
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Fig. 4. Photomicrograph of section through the poserior crista of 78-year-old female (Table 1). The arrow points to the 


ruptured epithelium where it has folded back on itseE. (x30) 
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Fig. 5. Number of ganglion cells as a function of time 
from the first exisodes of vertigo to time of death. X - En- 
dolymphatic hydrops; O - Normal ear. 


unilateral hydrops, hair cell densities were not sig- 
nificantly lower in the affected ears. In ears from 
aged “normal” individuals, the densities of intra- 
epithelial inclusion bodies seem to rise with increas- 
ing degeneraticn of vestibular sensory epithelia.'*'® 
Densities of inc_usion bodies in all cases of this study 
were within “normal” limits. 


The density of hair cells in one posterior crista 
was Clearly belew the normal range. A photomicro- 
graph of a section of this crista is shown in Figure 3. 
It is interesting that this one case with low hair cell 
density did no- show a rupture of the ampullary 
membrane (at least in the sections available for 
study, ie, every tenth section at 20 pm), whereas 
four cases with clear epithelial ruptures showed 
normal hair cel population. One such case is shown 
in Figure 4. 


In Figure 5, vestibular ganglion cell counts are 
plotted as a function of the number of years be- 
tween the first episodes of vertigo and the time of 
death. Counts are lower with longer durations. This 
tendency is evident in both the hydropic and the 
unaffected ear n cases of unilateral hydrops. 


DISCUSSION 


The observat.on that almost all of the vestibular 


sensory epithelia in these cases had normal hair cell 
densities is in agreement with earlier studies report- 
ing that degeneration of sensory epithelia represents 
a rare finding in hydropic ears.’ Even ruptures of 
membranes did not seem to affect the hair cell den- 
sity of the sense organ. In one case with clear de- 
generation of the sensory epithelium in the posterior 
crista an outpouching or rupture of the ampullary 
membrane could not be demonstrated. The cause of 
this isolated instance of degeneration remains 
unclear. 


Ultrastructural changes, such as loss of sensory 
hairs, vesiculation and laminated inclusions of hair 
cells and long-spaced collagen underneath the base- 
ment membrane of the sensory epithelium, have 
been observed in vestibular sensory epithelia from 
patients with Meniére’s syndrome.'°'S It is not clear 
however, to what extent such “abnormalities” are 
present in normal human ears of similar age. 


The cell counts of Scarpa’s ganglion indicated 
that neuronal degeneration was more pronounced 
in three of ten cases than in “normal” individuals of 
similar age. Counts seemed to be lower in both 
hydropic and unaffected ears, suggesting that the 
hydrops was not the direct cause of the degenera- 
tion. Each of these cases had exhibited episodes of 
vertigo for more than six months prior to death. The 
bilateral neuronal degeneration in these cases may 
have preceded the onset of endolymphatic hydrops. 
Several authors have suggested a type of “delayed 
endolymphatic hydrops” due to secondary damage 
to the endolymphatic sac caused by previous disease 
of the ear.?°”? It is possible that the neuronal 
degeneration in our cases was caused by a previous 
disease, also affecting the vestibular nerve. 


In view of our findings it is interesting that fi- 
brosis of the vestibular nerve has been detected in 
specimens removed at operations from individuals 
with Meniére’s syndrome." 
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ULTRASONIC ANALYSIS OF HEAD AND NECK NEOPLASMS 
CORRELATION WITH SURGICAL FINDINGS 


SHAN R. BAKER, MD 


CHARLES J. KRAUSE, MD 


ANN ARBOR, MICHIGAN 


Ultrasonograpiy of head and neck neoplasms is useful in the preoperative evaluation of patients. Inflammatory masses demonstrate 
high reflectivity in a aomogeneous pattern and have diffuse borders. Similarly, lipomas show medium to high reflectivity and have a 
homogeneous pattern, but are well outlined. Mixed tumors of the major salivary glands have a characteristic heterogeneous pattern and are 
well outlined. Malignant lesions demonstrate low reflectivity in a homogeneous or heterogeneous pattern and have poorly outlined or dif- 
fuse borders. Cysts f the head and neck are well outlined and devoid of interior echoes. 


The echo technique, which is used in all areas of 
modern medicine today, was first developed by 
Langevin durinz World War I for detection of sub- 
marines.' Since that time, the principle has been ex- 
panded to include sophisticated applications for the 
diagnosis and treatment of a variety of diseases. 


Ultrasound consists of sound waves with a fre- 
quency above tne audible range. For this study, a 
frequency of 8 million cycles per second (8 MHz) 
has been used. The sound waves are produced by a 
piezo-electric crystal that changes its thickness 
under the influence of an electrical field. Short, 
high voltage eleetric pulses are sent by a transmitter 
to the crystal, which then oscillates at its own reso- 
nant frequency of 8 MHz, emitting ultrasonic waves 
into the tissues being analyzed. 


Ultrasound emergy is reflected whenever the 
sound beam passes from one medium into another 
having a different acoustic impedance. The amount 
of energy reflected is dependent upon the difference 
in acoustic impedance of the two substances and the 
angle between the reflecting interface and the 
sound beam.’ 


Reflected acoustic energy is picked up by the 
same crystal włich emits the initial sound beam, 
and is converted into electrical signals which are 
amplified and fed into an oscilloscope. A-Scan 
ultrasonograms* are one way to display the echo- 
graphic information on the oscilloscope screen. 


Figure l represents a diagram of an A-Scan ultra- 
sonic analysis ef a parotid neoplasm. The first 
several echo peaks are referred to as the “initial 
bang” and correspond to the emission of an ultra- 
sonic pulse. As the sound beam is propagated 
through the tumor, interfaces within the tumor 
cause reflection of portions of the beam producing 
interior echoes. When the sound beam meets the 
deep interface between tumor and surrounding tis- 


*The unit 7200 MA of Kretztechnik® (Rohe Scientific Corporation), 
found to be most effective for tissue diagnosis in ophthalmology, was used 
in the preoperative ana ysis of our patients. 





INITIAL INTERIOR BORDER 


BANG ECHOES ECHO 


Fig. 1. Diagrammatic demonstration of an A-Scan 
analysis of a parotid neoplasm. The initial bang cor- 
responds to the emission of an ultrasonic pulse which 
obscures the superficial tumor border. Interfaces within 
the tumor cause reflection of portions of the sound beam 
producing interior echoes. In circumscribed neoplasms a 
tall discrete border echo is seen at the deep interface be- 
tween tumor and surrounding tissue. 

sue, a tall border echo is produced in circumscribed 
neoplasms. The more superficial tumor border near 


the skin surface is obscured by the initial bang. 


Ultrasound analysis of head and neck diseases is 
known as diagnostic echography and is discussed in 
terms of quantitative, topographic and kinetic 
properties. Reflectivity refers to the intensity of 
echoes produced in the interior of the tumor (inner 
reflectivity) and is influenced by the size, number 
and distribution of interfaces which are struck si- 
multaneously by the sound beam, each participat- 
ing in the production of individual echo spikes. 
Assessment of reflectivity is known as quantitative 
echography. For the purpose of head and neck 
masses, inner reflectivity may be divided into five 
divisions by comparing the average spike height or 


From the Departn ent of Otorhinolaryngology, University of Michigan, Ann Arbor. 
REPRINTS — Shan R. Baker, MD, Department of Otorhinolaryngology, Box 61 — Outpatient Building, University Hospital, Ann Arbor, MI 48109. 
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Fig. 2. Ultrasonograms of a varix. A few medium to high echo spikes make up the interior echo pattern. Upper A-Scan 
demonstrates a steeply rising, narrow, high echo spike (arrow) frem the deep border of the mass. Bottom A-Scan 


demonstrates a change in the configuration of the-echo patte 


rn on compression of the varix with the probe. 


Fig. 3. Ultrasonograms of three normal parotid glands. High reflectivity and a homogeneous pattern are present because 
of evenly distributed fibrous septa that appear as large interfaces to the sound beam. The parotid gland is not well circum- 
scribed from surrounding structures, thus discrete berder echoes are ne »bserved. 


Fig. 4. Ultrasonograms of sialadenitis of the submandibular gland. The lack of a well-defined border echo suggests a dif- 
fuse greene so eich The V-shaped interior echo pattern is produced by heavy inflammatory cell infiltration which causes 


local tissue destruction. 


amplitude of the reflected echo pattern expressed in 
percent of the initial spike height in the tissue 
echogram (Table 1). 


The classification of head and neck tumers into 
one of five categories as outlined in Table 1 requires 
the use of a standardized system sensitivity setting, 
the so-called tissue sensitivity. Tissue sensitivity is 
established once for each instrument-probe combi- 


TABLE 1. QUANTITATIVE ECHOGRAPHY: 














REFLECTIVITY 
Interior Echo Amplitude 
Degree %_of Initial Spike 

Extremely high 95-100 

High 60-95 

Medium 40-60 

Low 5-40 
Extremely low 0-5 


naticn using a standard tissue model of citrated 
blood.*4 


In addition to the intensity of the interior echo 
pattern, the arrangement of the pattern is impor- 
tant in tumor differentiation. Inner reflectivity is 
considered homogeneous when the majority of ec- 
hoes are of the same amplitude. This pattern is seen 
when similar-sized interfaces predominate within 
the substance of the tumor. Heterogeneous patterns 
occur when interior echoes vary widely in their 
amplitude, suggesting interfaces of variable size 
withia the substance of the tumor. Heterogeneous 
patterns are considered regular when there is a con- 
sistent relationship between the higher and lower 
spikes within the tissue echogram, and irregular 
when there is a random relationship in spike 
heights. 


128 BAKER-KRAUSE 





Fig. 5. Jltrasonograms of a submandibular gland abscess. No interior echoes are seen. Bottom A-Scan shows a double- 
‘nate borcer echo (arrow) ig share took: sound reflection from the inner and outer surfaces of the abscess wall. When this 


inding is present the lesion is considered to be encapsulated. 


Fig. 6. Jltrasonograms of a lipoma of the parotid gland. Medium to high echo spikes occur in a homogeneous pattern. A 
discrete boreer spike (arrow) demonstrates that this lipoma is well circumscribed from the parotid gland. 


wr 


Fig. 7 


. Jltrasonograms of a dermoid cyst of the parotid gland. Low to extremely low reflectivity is seen. The double 


‘Sie borcr echo demonstrates encapsulation of the lesion. The fine-textured sebaceous material filling the cyst presents 
ew interfac-s to the ultrasound beam, thus low reflectivity is seen. 


Topographic echography is the use of ultrasound 
for determining the size, shape and borders of head 
and neck masse:. A three-dimensional measurement 
may often be cbtained by placing the ultrasound 
probe over the ateral, anterior, and inferior aspect 
of the lesion. Ac the same time, borders are evalu- 
ated by anglingthe probe in various directions over 
the surface of the tumor. Using this method, bor- 
ders are determ ned to be well outlined, poorly out- 
lined (diffuse), or cyst walls. Border echoes are im- 
portant in help mg to differentiate tumor types. 


Kinetic echography is the use of ultrasound in as- 
sessing the consstency of a mass lesion. This is ac- 
complished by dressing the probe against the skin 
overlying the tumor while observing changes in its 
size and characceristics of its borders. Lymphangi- 
omas, hemangiemas and arteriovenous fistulae are 


amenable to this form of echography. In such cases, 
compression with the probe may change the nature 
of the interior echo pattern as well as surface border 
signals due to the softness of their internal structure. 
Pulsating borders can be easily observed with this 
technique and warn that tumors are resting against 
major arteries. 


Diagnostic ultrasound has been used extensively 
in ophthalmology to detect orbital masses and to 
differentiate these masses into various histological 
types with an accuracy of 87% .° Ultrasound has 
been applied as a diagnostic tool in otolaryngology;*® 
however, only recently has quantitative, topo- 
graphic and kinetic echography been utilized for 
the diagnosis of head and neck disorders.’ A multi- 
tude of head and neck disease processes have been 
analyzed and representative cases are presented to 
demonstrate the applicability of this procedure. 
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Fig. 8. Ultrasonograms of a benign mixed tumar of the parotid gland. A well-outlined tumor of medium to low reflec- 
tivity with a regular heterogeneous interior echo datt2rn is seen. Low tomedium high echo spikes separated by zones relative- 
ly free of echoes are characteristic of benign mixed -umors. 


Fig. 9. Ultrasonograms of three malignant head and neck tumors. Top) Lymphoma of the neck. Middle) Undifferen- 


tiated carcinoma of the parotid. Bottom) Melanoma of the neck 


Aedium to low reflectivity is seen in the three 


ultrasonograms. Due to the infiltrating nature . f these tumors, no diserete border echo can be seen. 


Fig. 10. Ultrasonograms of three cysts of t= head and neck. Top) Thyroglossal duct cyst. Middle) Large parotid gland 
cyst. Bottom) Branchial cleft cyst of the neck. Tie duble-peaked borcer echo of the branchial cleft cyst suggests encapsula- 


tion. 


CASE REPORTS 


Case 1. A 54-year-old female presented with a slowl> enlarging 
parotid mass over a two-year period. Examination rev2aled a 4 x 
6 cm soft cystic-appearing lesion involving the riat parotid 
gland. Pathological examination following surgical removal re- 
vealed a partially thrombosed varix. The echogram of this lesion 
is seen in Figure 2. A mass with relatively few intericm echoes of 
medium to high reflectivity is seen. Interior echoe represent 
reflection of sound from interfaces between thrombus aad un- 
clotted blood. The upper A-Scan demonstrates a steeply rising, 
narrow, high echo spike from the deep border of the mass. 
Smooth, well-circumscribed tumor surfaces produce shap dis- 
crete border echo spikes and suggest a well-outlined 2sion. The 
bottom echogram demonstrates the importance of kimetic echo- 
graphy. A change in the configuration of the echo pattern on 
compression of the mass with the probe is noted, swggesting a 
vascular lesion. During compression, the deep borde: spixe was 
noted to pulsate with the heartbeat. At the time of sumiea resec- 
tion the varix was found to lie adjacent to the superfici] temporal 
artery and was well delineated from surrounding parotid tissue. 


Case 2. A 65-year-old male was treated for chronic sialadenitis 
of the left submandibular gland. Histological examination of the 
glanc after surgical excision revealed chronic inflammation. 


Normal major salivary glands have high reflectivity and a ho- 
mogemeous pattern because of multiple, evenly distributed fibrous 
septa that appear as large interfaces to the sound beam. The ma- 
jor selivary glands are not well circumscribed from surrounding 
struc-ares, therefore a discrete border echo is not observed (Fig. 
3). Early sialadenitis provides a similar echogram because the 
main architecture of the gland is not destroyed. However, when 
heav~ infiltration by lymphocytes occurs in inflammation of the 
gland, these fibrous septa are destroyed and one finds a decreased 
refleetivity in the area. This local tissue destruction produces a dip 
or “Y” in the echo pattern. Figure 4 represents the preoperative 
ultrasonograms of this patients submandibular gland. A 
V-shaped echo pattern is produced in the area of heaviest inflam- 
matcry cell infiltration. A lack of well-defined border echoes sug- 
gests a diffuse disease process, as is characteristic of inflammation. 


As inflammation progresses, more and more tissue in the area 
of inflammatory infiltration is destroyed, and eventually abscess 
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TABLE 2. ULTRASONIC PATTERNS OF HEAD AND NECK DISEASES 


Histology Echographic Pattern Reflectivity Topography 


Normal salivary gland Homogeneous 
Inflammation Homogeneous 
Lipoma Homogeneous 
Mixed tumor Heterogeneous 
Malignancy Homogeneous 
or 

Heterogeneous 

Cyst No interior echoes 


formation occurs. The necrotic materials within the abscess are 
rather homogeneous to ultrasound and cause only weak echo sig- 
nals. Figure 5 illustrates ultrasonograms of an abscess involving 
the submandibular gland of another patient. In this case, no in- 
terior echoes were recorded from the abscess. This is explained by 
the strong sound attenuation of the overlying normal tissue layers 
represented by the high spikes on the left side of the echogram. A 
well-outlined border echo is seen because the abscess is walled off 
from surrounding tissue. A double-peaked surface spike is seen in 
the bottom A-Scan and represents reflections from inner and out- 
er surfaces of the thick abscess capsule. When a double-peaked 
border echo is present, the mass is considered to be encapsulated. 


Case 3. A 36-year-old female presented with a mass involving 
the left parotid gland which had been noted for several months. 
Palpation of the lesion revealed a soft, cyst-like, 3x 4 cm mass. Ul- 
trasonography suggested that the mass was a lipoma. Figure 6 
shows the preoperative ultrasonograms of this lesion. Medium to 
high interior echo spikes occur in a homogeneous pattern. These 
spikes represent reflections from large fibrous septa separating 
lobules of fat. A tall, narrow border spike demonstrates that 
lipomas are well circumscribed from the parotid gland. Surgical 
resection confirmed the ultrasonic diagnosis of lipoma. 


Case 4. A 39-year-old female presented with a seven-year 
history of a slowly enlarging mass involving the parotid gland. 
The examining physician’s initial impression was that of a lipoma. 
Ultrasonography, however, did not suggest such a lesion. It re- 
vealed a well-circumscribed tumor with low to extremely low re- 
flectivity (Fig. 7). A double-spiked border echo pointed to a mod- 
erately thick capsule encompassing the tumor. Surgical resection 
revealed a thick-wallec dermoid cyst filled with sebaceous ma- 
terial. The homogeneous, fine-textured sebaceous material pre- 
sented few interfaces to the sound beam and thus inner reflectivi- 
ty was low. 


Case 5. A 26-year-old female presented with a rapidly enlarg- 
ing parotid neoplasm. A preoperative diagnosis of adenoidcystic 
carcinoma was made because of the history of rapid growth and 
tenderness to palpation. Ultrasonography, however, demon- 
strated an echo pattern characteristic of a benign mixed tumor. 
Pathological examination of the mass following parotidectomy 
confirmed this diagnosis. Preoperative ultrasonograms of the 
tumor are seen in Figure 8. A well-outlined tumor of medium to 
low reflectivity with a regular heterogeneous interior echo pattern 
is seen. Low to medium high spikes separated by zones relatively 
free of echoes is the most common echographic pattern of benign 
mixed tumors. These zones represent myxomatous areas, or 
densely cellular areas, whereas the echo spikes represent inter- 
faces between the zones and fibrous septa. 


Case 6. A 67-year-old female presented with a three-month 
history of a rapidly enlarging mass in the upper neck. Biopsy of 
the tumor revealed malignant lymphoma. Ultrasonography re- 
vealed a tumor of low reflectivity and diffuse borders (Fig. 9, 
top). No distinct high border surface spike could be seen. Malig- 
nant tumors such as lymphomas and carcinomas consist mainly of 
densely packed cells. These tumors have little intercellular sub- 
stance, and thus lack acoustic interfaces that would produce high 
echo spikes. Therefore, malignant tumors can be expected to have 
low to medium reflectivity. Figure 9, middle, is an ultrasonogram 
of an undifferentiated carcinoma of the parotid gland. Medium 
reflectivity is seen. Figure 9, bottom, is an A-Scan of a neck mass 


No interior echoes 


High Diffuse 
High Diffuse 
Medium to high 
Low to medium 
Low Poorly outlined 


Well-outlined 
Well-outlined 


or 
Diffuse 
Well-outlined 


or 
Encapsulated (double-peaked 
border spike) 


which, on removal, revealed a malignant melanoma. Low reflec- 
tivity is noted. 


Due to the infiltrating nature of malignant tumors, they are 
poorly outlined and do not demonstrate discrete border signals. 
For comparison, the mixed tumor surface spikes seen in Figure 8 
are steeply rising with only a few high spikes composing the sur- 
face signal. In contrast, the border spikes of the malignant tumors 
in Figure 9 are rising slowly with several peaks appearing along 
the ascending left limb; thus, the surface signal of malignant neo- 
plasms is not as distinct as the surface signal from benign mixed 
tumors. 


Case 7. An 18-year-old male presented with a large cystic mass 
in the upper neck at the left of the midline. Ultrasonography dem- 
onstrated a cyst (Fig. 10, top). Surgical removal of the mass re- 
vealed a thin-walled thyroglossal duct cyst. The cyst was filled 
with fluid and therefore no interior echoes were seen on A-Scan. 
The thin wall of the cyst produced only a single border spike. 
Figure 10, middle, is an A-Scan of a parotid cyst and Figure 10, 
bottom, is an ultrasonogram of a branchial cleft cyst of the neck. 
The wall of the latter lesion was sufficiently thick to produce a 
double-peaked border spike. Cysts of the head and neck are 
perhaps the easiest masses to diagnose with ultrasound because of 
the consistent echographic pattern they produce. Large echo-free 
central areas are noted with discrete, well-defined border echoes. 
Since many of these cysts are soft and compressible, kinetic 
echography could be helpful. Changes in the reflectivity and 
shape of borders are usually observed in kinetic echography of 
head and neck cysts. 


DISCUSSION 


Ultrasonography of head and neck neoplasms has 
been useful in the preoperative evaluation of pa- 
tients. The study of many benign and malignant le- 
sions has enabled us to ascribe certain ultrasonic 
patterns to certain disease processes (Table 2). In- 
flammatory masses tend to demonstrate high reflec- 
tivity in a homogeneous pattern and have diffuse 
borders. Lipomas show medium to high reflectivi- 
ty, have a homogeneous pattern and are well out- 
lined. Mixed tumors of the major salivary glands 
tend to have low to medium reflectivity and are 
well outlined. A typical heterogeneous echo pattern 
is often produced, characterized by medium echo 
spikes, separated by echo-free zones. This may oc- 
cur in either a regular or irregular fashion. Malig- 
nant lesions demonstrate low to medium reflectivity 
in a homogeneous or heterogeneous pattern and 
have poorly outlined or diffuse borders. Cysts of the 
head and neck produce an A-Scan devoid of interior 
echoes unless hemorrhage and thrombosis have oc- 
curred within the interior of the cyst. These masses 
are well outlined and may show a double-peaked 
border spike when the wall of the cyst is sufficiently 
thick. 


ULTRASOUND 


Diagnostic ultrasound offers a new fronter in 
noninvasive evaluation of head and neck diseases. 
The technique enables the surgeon to detæm ne 
preoperatively whether a tumor is solid or cystic, 
encapsulated or nonencapsulated. It accurately de- 
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termines the size and extension of disease into the 
interior of the anatomical area involved. It may, in 
the future, allow preoperative knowledge of the his- 
tology of a tumor as derived from the echographic 
pattern produced. 
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COMPLICATIONS OF CO, LASER SURGERY OF THE LARYNX 


ARLEN MEYERS, MD, FACS 


DENVER, COLORADO 


Since the intreduction of CO, laser surgery, surgeons have stressed the importance of protecting nontarget structures from errant ir- 
radiation. Althouga striking areas outside the intended field may inflict little or no damage, irradiating an exposed endotracheal tube may 
result in an endotr cheal fire. Recent experience with a case of endotracheal tube ignition led to a reevaluation of those factors associated 
with this serious camplication. In an attempt to determine the best endotracheal tube to use during laser surgery of the larynx, the flamma- 
bility of polyvinyl hloride and red rubber endotracheal tubes was compared. Several factors were noted to contribute to the potential 
hazard of endotracmeal tube ignition. Since red rubber tubes are less flammable, they should be used during laryngeal CO, laser surgery. 


INTRODUCTION 


Since its intrmcuction, the surgical CO, laser has 
come to be recegnized as an extremely valuable ad- 
junct in the management of laryngeal problems. '? 
The unique properties of nonionizing radiation, 
however, present specific anesthetic hazards. Birch? 
outlined some precautions that need to be taken. He 
stressed the importance of protecting the endotra- 
cheal tube from the laser beam, cautioned the oper- 
ator about the possibility of endotracheal fire, and 
restated the neec to protect the patient and oper- 
ating room per onnel from the effects of stray infra- 
red radiation. 


Despite the expanded use of the laser, only a few 
reports have emerged describing endotracheal tube 
ignition. Snow 2t al** reported four cases of tube ig- 
nition and outl ned a plan of management. Burgess 
and LeJeune® eocumented an additional case. Re- 
cent experience with a case of endotracheal tube ig- 
nition led to a reevaluation of those factors associ- 
ated with this serious complication. In addition, in 
an attempt to cetermine the best endotracheal tube 
to use during laser surgery of the larynx the flam- 
mability of two commonly used tubes, polyvinyl 
chloride and red rubber, was compared. 


CASE REPORT 

A 28-year-old wnite male welder was admitted to the hospital 
for elective direct laryngoscopy and removal of residual pap- 
illomas of his right vccal cord with a CO, laser. The patient had 
undergone direct laryngoscopy and microsurgical removal of pap- 
illomas from his left vocal cord four months previously. Admis- 
sion urinalysis, corr plete blood cell count, electrocardiogram, and 
chest x-ray wer normal. Physical examination revealed 
papillomas of the mght true vocal cord along its entire length, cov- 
ering the vocal precess of the arytenoid. 


The patient wa: anesthetized with sodium penthothal, a suc- 
cinylcholine drip and intubated with a cuffed aluminum foil- 
wrapped No. 6 pdyvinyl chloride endotracheal tube. The tube 
was carefully wrasped in an overlapping fashion with a single 
strip of tape, and he tip of the tube, distal to the balloon, was 
likewise covered. Following intubation the balloon in the subglot- 
tis was inflated ane covered with saline-soaked neurosurgical cot- 
tonoids. The patiert’s eyes were covered with moistened eye pads. 


Following biopsy of the mass, the papillomas were removed with 
intermittent CO, laser bursts (0.1 second at 20 W). During the 
procedure, it was noted that the endotracheal tube balloon was 
deflated and additional cottonoids were placed subglottically to 
assure an adequate seal, and to protect the tube from stray laser 
radiation. Papillomas were removed from the anterior and mid- 
dle third of the vocal cord without problem. While removing pap- 
illomas from the vocal process of the arytenoid, however, the en- 
dotracheal tube ignited. The laryngoscope was immediately re- 
moved, the patient extubated, and reintubated with a No. 6.5 
tube. The patient was immediately given 8 mg Decadron® IV, 1 
gm ampicillin IV, and a 7x40 ventilating bronchoscope was intro- 
duced over the endotracheal tube. A piece of charred neurosur- 
gical cottonoid (1 cm above the carina) was removed from the 
distal trachea. Examination of the tracheobronchial mucosa 
showed only mild erythema. The endotracheal tube was left in 
place with the cuff deflated for 24 hours. The patient received 1 
gm ampicillin IV for 24 hours, and 100 mg hydrocortisone daily 
IV. 


The patient remained afebrile, blood gases were normal, and 
his chest x-ray was normal. The morning following surgery, a fi- 
beroptic bronchoscope was placed through the lumen of the endo- 
tracheal tube and the distal trachea visualized and seen to be nor- 
mal. While visualizing the subglottis, the patient was extubated 
and the area below the vocal cord showed only mild edema and 
erythema. Copious secretions made complete visualization dif- 
ficult. 


Following extubation, the patient had no evidence of stridor or 
airway obstruction. He made an uneventful recovery and was dis- 
charged on the second hospital day. A repeat chest x-ray prior to 
discharge was normal. Follow-up examination three weeks later 
showed a few residual papillomas on the vocal process of ary- 
tenoid. His voice was much improved, however. 


TABLE 1. POLYVINYL CHLORIDE TUBE 


Power 
Time 5 W 10 W 20 W 
sec mm mm mm 
50% Oxygen 
0.1 1.8 2.0 (f) 
0.2 2.0 3.0 
0.5 3.0 (f) 3.0 
1.0 3.0 (f, hole) 3.0 (fire) 
100% Oxygen 
0.1 1.0 1.5 (f) 1.5 
0.2 2.0 (f) 2.0 2.0 (f) 
0.5 3.0 (£) 2.5 
1.0 3.0 (f, crater) 2.0 (f, through) 
f - Flame. 


From the Depar ment of Otolaryngology, University of Colorado Health Sciences Center, Denver. 
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TABLE 2. RED RUBBER TUBE 


Power 
Time 20mm W 
(sec) Smm W 1l0mmW 20mm W C0053) 
0.1 1.0 1.0 2.0 2.0 
0.2 1.5 1,5 2.9 255 
0.5 2.0 2.0 2.5 25 
1.0 2.5 2.5 3.0 gC 
METHODS 


To determine the relative flammability of endotracheal tubes, 
red rubber tubes and polyvinyl chloride tubes were exposed to 
doses of CO, laser radiation from 5 W to 20 W, and at time iater- 
vals of 0.1 second, 0.2 second, 0.5 second, and 1 second. Test runs 
were made while 50% and 100% oxygen were passed throug! the 
tube. In an attempt to simulate clinical conditions, a balioor was 
tied to the endotracheal tube so that the oxygen flow would be as 
constant as possible. Oxygen was insufflated with a tandard 
anesthesia machine. The resultant craters on the tubes were mea- 
sured, the presence or absence of flame was noted, and the-r2sul- 
tant integrity of the tube wall was assessed. 


RESULTS 


Irradiating polyvinyl chloride tubes reswtec in 
crater formation with or without the production of 
a flame. The use of 10 W or greater produced a 
flame at all time exposures. In addition. wren 
100% oxygen was flowing through the tube, the 
polyvinyl chloride tube flamed at 5 W/02 sec, 
whereas it did not when 50% oxygen was used. The 
size and depth of the resultant craters were propor- 
tional to increasing time and power ex osares 


(Table 1). 


A correlation was likewise found between he-size 
of the burn crater and the time/dose when using red 
rubber tubes (Table 2). In no instance, however, 
did the red rubber tubes flame. In additior, there 
was no difference in crater size or flaming when 
50% or 100% oxygen was used. 


DISCUSSION 


Although the CO, laser is being used increasingly 
for the management of airway problems in patients 
of all ages,'? relatively few reports have cetailed 
the potential complications associated with ts ıse. 
Our experience with endotracheal tube izni-ion 
prompted a review of the operative pitfalls asoci- 
ated with this serious complication. 


Complications of CO, laser microlaryngoscopy 
are generally associated with striking unprotected 
materials in the airway or unprotected tissues o: the 
patient or operating room personnel (Table 3). 


To reduce the risk of ocular damage, the patient's 
eyes should be covered by moistened eye pads and 
all personnel in the operating room should wear 
plastic protective glasses. In addition, while the 
laser is in use, the flow of traffic in and ou: of the 
operating room should be minimized, and windows 
facing halls should be blocked. Unlike othe fcrms 
of laser energy, the radiation emitted by the ZO, 
laser is predominantly absorbed in the cornea. not 


TABLE 3. COMPLICATIONS OF CO, LASER SURGERY 
OF THE LARYNX 





Exposure hazards to patient or OR personnel 
Cormeal burns’ 
Skin exposure 
Postoperative dysgeusia 


Anesthesic hazards 
End »:racheal ignition‘ 
Inacequate ventilation (tube kink, balloon rupture, increased 
CO, gas escape) 
Intra@perative airway obstruction secondary to foreign body 
(aluminum foil, cottonoids) 


CompKeations of microlaryngoscopy 
Toot trauma 
TM jeint dislocation 
Arrhythmia or acute myocardial infarction 
Airway obstruction secondary to tongue swelling 


Compkeations of inadvertent CO, irradiation 
Miscirected burns from direct or reflected energy 
Traekeal perforation 
Endberacheal tube ignition 
Acq ured glottic web 
Subghottic stenosis 
Voex cord fibrosis 
Arytenoid perichondritis 

Other 
Bleeting 
Infe=tion 
Delayed healing 
Postoerative airway obstruction 
Ota gia 
Dys»hagia and/or odynophagia 
Pap loma implantation on lips, nasopharynx, oropharynx, or 

oral cavity 


Comp ieation of aluminum foil wrapped ET tube 
Airway obstruction from displaced aluminum foil 
Trauma to vocal cord during intubation 
Limited flexibility of tube 
OR —Operating room; ET - Endotracheal. 


the retina, and heat is generated in the epithelial 
layers. As the intensity and duration of the beam is 
enlarged, the resultant temperature rise within the 
cornea is sufficient to produce thermal denatur- 
atior and coagulation of proteins, and gross corneal 
opac fication results. Should higher doses strike the 
unprotected cornea, then corneal perforation oc- 
curs.” 


The anesthetic management of patients undergo- 
ing CO, laser has recently been reviewed.’ Several 
poin-s should be stressed, however. Of primary im- 
portance is the need to protect the endotracheal 
tube and balloon from laser energy. To accomplish 
this, most authors recommend the use of aluminum 
foil tape, metal endotracheal tubes,’ or saline- 
soaked adhesive tape. The entire tube should be 
covered, particularly the end distal to the balloon, 
since its location in the subglottis puts it in pre- 
caricus proximity to the beam. Unfortunately, 
there is no acceptable means of covering the balloon 
with reflective tape. Consequently, the balloon is 
usua ly covered with neurosurgical cottonoids. Re- 
cent experience has taught us that, when used, the 
cottcnoids should be large enough to cover the en- 
tire balloon (usually 2.5 x 2.5 cm) and that both the 
string attached to the cotton and the pledget itself 
be moistened frequently during the procedure. De- 
spite these precautions, however, errant laser ra- 
diation will periodically strike the balloon and 
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deflate it. Most of the time, cottonoids can be added 
to protect the exposed tube and seal any anesthetic 
leak. Should there be any problem in doing this, or 
if the balloon and unprotected tube are close to the 
target, as while working near the posterior commis- 
sure or vocal process of the arytenoid, then the en- 
dotracheal tube should be removed and replaced 
with a new functioning tube. 


Despite takirg the necessary precautions, endo- 
tracheal tube ignition still occurs. The surgeon 
should be prepared to deal with this eventuality 
ahead of time and be sure that the necessary in- 
struments and equipment are available. Manage- 
ment includes several steps. The patient should be 
paralyzed while the damaged endotracheal tube is 
removed. This prevents laryngospasms and makes 
subsequent reintubation possible quickly. The tube 
should be removed since the distal tip can collapse 
and make venti ation difficult or impossible. In ad- 
dition, fumes f-om the burned polyvinyl chloride 
may contribute to pulmonary damage or further in- 
jure the subglottic mucosa. Intravenous antibiotics 
and steroids are given, as in treating a tracheal or 
pulmonary bura, and intraoperative bronchoscopy 
should be perfcrmed. In addition to enabling the 
surgeon to remcve charred debris from the tracheal 
lumen, any foreign bodies can be removed, as was 
the cottonoid in our case, and the extent of any 
damage to the tracheobronchial mucosa can be as- 
sessed. Delayed extubation may be necessary and 
reexamination cf the subglottis and trachea at fre- 
quent intervals is important to assess the extent of 
any long-term a rway compromise. The appearance 
of granulation -issue or stenosis should be treated 
aggressively in its early stages. 


Results of irradiating polyvinyl chloride and red 
rubber tubes indicate that red rubber is less flam- 
mable and, therefore, safer to use in conjunction 
with the CO, laser. Despite this fact, the balloon 
can still be damaged by as little as 10 W at 0.1 sec- 
ond. It’s clear that a new endotracheal tube 
equipped with a balloon capable of withstanding 
usual doses of leser irradition is needed. 


An additional risk factor in endotracheal ignition 
is high oxygen flows and, of course, flammable an- 
esthetic agents. Whereas a polyvinyl chloride tube 
will flame at lower doses of irradiation with higher 


oxygen flows within it, red rubber tubes are rela- 
tively impermeable to laser radiation at usual doses. 
Oxygen concentration seems to be a less critical fac- 
tor, therefore, when using them. 


Finally, additional care is needed when lasering 
near the endotracheal tube at any point. Whereas 
most pathology is at the anterior two thirds of the 
vocal cords or the anterior commissure, problems at 
the vocal process of the anterior or posterior com- 
missure require that the laser energy be delivered 
closer to the endotracheal tube. These “danger 
zones” require additional concentration on the 
surgeon’s part and meticulous protection of the en- 
dotracheal tube. 


CONCLUSIONS 


1. Several factors contribute to the potential 
hazard of endotracheal tube ignition. 


2. Polyvinyl chloride endotracheal tubes tend to 
burn more than red rubber tubes. When exposed to 
doses of irradiation customarily used in laser laryn- 
goscopy, polyvinyl chloride flamed, and the lumen 
of the endotracheal tube was routinely exposed. At 
no time was the lumen of the red rubber tube ex- 
posed and the material did not ignite. 


3. Since the walls of red rubber tubes are not 
violated at usual doses, the use of high oxygen con- 
centrations through the tube is less of a hazard. 


4. If the balloon of an endotracheal tube is ac- 
cidently deflated, the tube should be replaced or ex- 
treme care should be taken to protect the exposed 
portion of the tube. 


5. When neurosurgical cottonoids are used to 
protect the balloon in the subglottis, they should be 
moistened frequently. 


6. The endotracheal tube balloon should be 
placed as far from the undersurface of the vocal 
cords as possible. 


7. Adhesive tape-wrapped red rubber tubes are 
safer than polyvinyl chloride tubes when the CO, 
laser is used in the aerodigestive system. 


8. Extra care should be taken when lasering near 
the vocal process of the arytenoid or the posterior 
commissure. 


REFERENCES 


l. Strong MS, Jako GJ, Vaughn CW, Healy GB, Polanyi T. 
The use of CO, laser in otolaryngology; a progress report. Trans 
Am Acad Ophthalr ol Otolaryngol 1976; 82:595-602. 


2. Simpson GT, Healy GB, McGill T, Strong MS. Benign tu- 
mors and lesions of the larynx in children: surgical excision by 
CO, laser. Ann Oto Rhinol Laryngol 1979; 88:479-85. 


3. Birch AA. Aresthetic considerations during laser surgery. 
Anesth Analg (Cleve) 1973; 52:53-8. 


4. Snow JC, Kripke BJ, Strong MS, Jako GJ, Meyer MR, 
Vaughan CW. Anesthesia for carbon dioxide laser microsurgery 
on the larynx and trechea. Anesth Analg (Cleve) 1974; 53:507-12. 


5. Snow JC, Morton ML, Saluja TS, Estanislao AF. Fire 


hazard during CO, laser microsurgery on the larynx and trachea. 
Anesth Analg (Cleve) 1976; 55:146-7. 


6. Burgess GE, LeJeune FE. Endotracheal tube ignition dur- 
ing laser surgery of the larynx. Arch Otolaryngol 1979; 105:561-2. 


7. Leibowitz HM, Peacock GR. Corneal injury by CO, laser 
radiation. Arch Ophthalmol 1969; 81:713-21. 

8. Oliverio RM, Ferman CM. Carbon dioxide laser surgery 
on the larynx: anesthetic technique. NY State J Med 1979; 
79:1235-6. 

9. Vourch G, Tannieres ML, Freche G. Anesthesia for 


microsurgery of the larynx using a carbon dioxide laser. 
Anaesthesia 1979; 34:53-7. 


Two Implants 


for Ossicular Replacement Surgery 
The Schuring* Ossicl2 Cup and Ossicle Columnella Prostheses 


The Schuring Ossicle Cup and 

Ossicle Columnella Prostheses 
are designed to help rebuild the 
ossicular chain in incus replace- 
ment surgery. 


























The shaft of the Ossicle Colum- 
nella Prosthesis fits into a hole 
drilled into the reshaped incus or 
malleus, and the prosthesis base is 
positioned on the stapes footplate. 


The Ossicle Cup Prosthesis helps 
maintain contact and stability 
between a repositioned and 
surgically reshaped incus 
or malleus head and the 
stapes. The shaft of the 
prosthesis fits into a 
hole drilled into the 
incus or malleus body. 
The cup of the prosthe- 
sis fits over the stapes 
capitulum. 


Both prostheses are 
made of Teflon® and can 
be trimmed to fit the sur- 
geon’s specifications. 


“Arnold G. Schuring, M.D., Warren. Ohio 
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The original pleasant tasting, cherry-flavored 


Septra Suspension b.i.d. 


Each teaspoonful (5 m`) contains: 40 mg trimethoprim 
and 200 mg sulfamethoxazole 


A consistent perfermer in treating acute otitis 
media due to susceptible organisms. 


Septra DS b.i.d. 


Each tablet contains: 160 mg trimethoprim and 800 mg 
sulfamethoxazole 


Septra® DS Tablets Double Strength 
Septra” Tablets 
Septra® Suspension 


INDICATIONS AND USAGE: 

URINARY TRACT INFECTIONS: For the treatment of urinary tract 
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Septra offers some advantage over the use of other antimicrobial 
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SHIGELLOSIS: For the treatment of enteritis caused by susceptible 
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hemolysis may occur (frequently dose-related). During therapy, main- 
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microscopic examination and renal function tests, particularly where 
there is impaired renal function. 


Since Septra may prolong prothrombin time in patients on warfarin, 
coagulation time should be reassessed when Septra is given. 


ADVERSE REACTIONS: All major reactions to sulfonamides and 
trimethoprim are inclu®Œd. even if not reported with Septra. Blood 
Dyscrasias: Agranulocy osis, aplastic anemia, megaloblastic anemia, 
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Erythema multiforme, Stevens-Johnson syndrome, generalized skin 
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nodosa and L.E. phenomenon have occurred. 


Due to certain chemical similarities to some goitrogens, diuretics 
(acetazolamide and the thiazides) and oral hypoglycemic agents, sul- 
fonamides have caused rare instances of goiter production, diuresis 
and hypoglycemia; cross-sensitivity may exist with these agents. In rats, 
long-term administration of sulfonamides has produced thyroid malig- 
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DOSAGE AND ADMINISTRATION: Not recommended for use in 
infants less than two months of age. 


URINARY TRACT INFECTIONS AND SHIGELLOSIS IN ADULTS 
AND CHILDREN AND ACUTE OTITIS MEDIA IN CHILDREN: 


Adults: The usual adult dosage for the treatment of urinary tract infec- 
tions is two tablets or four teaspoonfuls (20 ml) every 12 hours for 10 to 
14 days. An identical daily dosage is used for 5 days in the treatment of 
shigellosis. 


Children: The recommended dose for children with urinary tract infec- 
tions or acute otitis media is 8 mg/kg trimethoprim and 40 mg/kg 
sulfamethoxazole per 24 hours, given in two divided doses every 12 
hours for 10 days., An identical daily dosage is used for 5 days in the 
treatment of shigellosis. The following table is a guideline for the at- 
tainment of this dosage using Septra Tablets or Suspension. 
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For patients with renal impairment: 
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PNEUMOCYSTIS CARINII PNEUMONITIS: 
The recommended dosage for patients with documented 
Pneumocystis carinii pneumonitis is 20 mg/kg trimethoprim and 
100 mg/kg sulfamethoxazole per 24 hours given in equally divided 
doses every 6 hours for 14 days. The following table is a guideline for 
the attainment of this dosage in children. 








Dose — every 6 hours 
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18 8 1( 5ml) V2 
35 16 2 (10 mi) ] 
53 24 3 (15 ml) | V2 
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NATURE OF BLOOD-LABYRINTH BARRIER IN 
EXPERIMENTAL CONDITIONS 


S. K. JUHN, MD 


L. P. RYBAK, MD, PhD 


S. PRADO, MD, PhD 


MINNEAPOLIS, MINNESOTA 


The blood-labyrinth barrier is a concept that has evelved based on marked cifference in chemical composition between perilymph and 
blood. Studies reported here have been designed to m_nipulate physiologic, metabolic, and pharmacologic conditions in experimental 
animals in order to determine the characteristics of this egulatory mechanism. Pracer studies of uptake of sodium, calcium, and albumin 
from blood into perilymph showed that these substances penetrate into inner ear fluids quite slowly. Injections of ototoxic substances 
(kanamycin, furosemide) show limited transport of these agents into perilymp i. Another ototoxic agent, ethacrynic acid, was found to 
transiently reduce the transport of sodium into perilyn>h. Administration of <n osmotic agent (urea) resulted in a parallel but delayed 
elevation of perilymph concentration. The possible role-of alteration of blood-labyrinth barrier in inner ear disorders has been discussed. 


INTRODUCTION 


Fluid compartments within the inner ear each 
have a characteristic composition. These unque 
characteristics of each type of fluid seem to be 
maintained by homeostatic mechanisms, :o that 
hearing in the normal individual remains within 
narrow limits. The maintenance of a constaat ionic 
environment in the labyrinth appears to depend 
upon energy-dependent ion pumps, constam blood 
circulation, and a blood-labyrinth barrier necha- 
nism.’ 


The nature of the blood-labyrinth barrier 1as not 
yet been fully documented. This concept is based on 
marked differences in the chemical composition of 
blood, cerebrospinal fluid (CSF), and othe: fluids 
under physiological conditions. The blood-leby- 
rinth barrier may include all processes whieh pre- 
vent, reduce, delay, or even actually facilitate the 
penetration of any substance into the inner eer fluid 
system. This penetration might be mediated by sim- 
ple diffusion, ultrafiltration, osmosis, lipid selubili- 
ty, special tissue affinity, or metabolic activity of 
inner ear tissues for certain substances. 


The blood-labyrinth barrier certainly cont-ibutes 
to the maintenance of constant composition cf inner 
ear fluids. Because the inner ear fluids are m con- 
tact with the surrounding tissues and are commected 
directly or indirectly with CSF and blood, it is very 
likely that there is a continuous exchange əf ions 
and metabolites between these various body fluids. 
Even so, there are marked differences between the 
chemical composition of perilymph and tnat of 
blood or CSF (Table 1). 


In experimental hyperglycemia the glucose con- 
centration in perilymph parallels the blood ducose 
concentration; however, a time lag before <ttain- 


ment of maximum concentration has been ob- 
servec .* Glucose-loading studies in streptozotocin- 
diabetic chinchillas revealed that the glucose con- 
centretion of perilymph also paralleled the blood 
glucose concentration, but there was much less of 
an increment of glucose in perilymph than in 
serum.’ In experimental hypoglycemia induced by 
insulim administration, glucose concentration in 
perilymph decreased proportionately with the 
blood glucose concentration.” 


The concept of a barrier system that limits the ac- 
cess of certain blood-borne substances to the inner 
ear fluids has been derived by analogy to the blood- 
brain >arrier which was first described by Ehrlich.’ 
Since -he concept of a blood-labyrinth barrier has 
just evolved in the past decade or so, its function has 
not yet been as fully documented or characterized 
as has the blood-brain barrier. To characterize the 
blood4tabyrinth barrier, a number of studies have 
been carried out in this laboratory in recent years, 
utilizimg physiologic, metabolic, and pharmacolog- 
ic conditions. Various test substances have been em- 
ployed to study this blood-labyrinth barrier (Fig. 1). 


METHODS 


Chinghillas of either sex weighing 400-500 g were used for all 
the stud es reported here. Animals were anesthetized using either 
pentobe~bital sodium (30 mg/kg) or urethane (0.7 ml/100 g of a 
25% solation) intraperitoneally. Blood samples were drawn from 
the jugu ar vein. Perilymph from the scala tympani was obtained 
by opeming the auditory bulla and inserting a clean glass capillary 
tube through the round window membrane and removing fluid 
by capillary action. Cerebrospinal fluid was withdrawn from the 
subarac: noid space beneath the membrana atlantooccipitalis, us- 
ing a tuberculin syringe. Aqueous humor was taken from the an- 
terior chamber of the eye by inserting a needle through the cornea 
and withdrawing the fluid with a tuberculin syringe.* Care was 
taken tc avoid blood contamination of perilymph, CSF, and 
aqueous humor samples. Samples that were contaminated with 
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TABLE 1. CERTAIN CHEMICAL PARAMETERS OF NORMAL CHINCHILLA BODY FLUIDS 





Serum CSF Perilymph Aqueous humor 

Sc dium (mEq/l) 153.4 + 4.4* (15)** 165.1 + 2.5 (10) 171.3 + 6.4 (15) 161.6 + 4.4 (10) 
(mEq/l) 

Pc tassium 3.8.+ 0.4* (15) 2.9 + 0.3 (10) 4.7 + 0.8 (15) 3.5 + 0.5 (10) 
(mEq/I) 

Caloride 105.1 + 4.2 (18) 139.7 + 6.0 (9) 153.3 + 8.9 (9) 113.4 + 5.8 (10) 
(mEq/l! 

Calcium 7.2 + 1.4 (15) 5.0 + 0.92 (10) 4.9 + 0.76 (10) 6.4 + 1.4 (10) 
(mg/d!) 

T otal protein 3,999 + 360 (15) 25.5 + 2.8 (10) 191.2 + 34.6 (15) 53.3 + 8.2 (10) 
(mg/dl) 

G ucose 125.7 + 18.8 (10) 128.7 + 8.5 (10) 162.2 + 16.3 (15) 163.5 + 27.7 (10) 
(mg/dl) 

LƏH" 521.1 + 115.4 (15) 29.6 + 9.6 (10) 98.6 + 26.0 (15) 35.3 + 15.0 (8) 
(mU/ml) 

MDH*** 416.5 + 109.0 (15) 34.9 + 12.7 (10) 99.8 + 34.0 (15) 46.8 + 11.1 (10) 
(mU/ml) 


* /alues are expressed as mean + standard deviation 


* Number in parenthesis indicates number of samples 


* *International Units 


LDH - Lactic dehydrogenase; MDH - Malic dehydrogenase. (From Lab Anim Sci 1974; 24:691-5. Copyright 
1974, American Association for Laboratory Animal Science. Published with permission.) 


blood were discarcd. Only single samples of each body fluid 
were used per animal. 


Sodium Study. For the sodium study, each control animal 
received intravenously 20 »Ci/kg ??Na in physiological saline with 
an activity of 10 pCi/ml. Samples of blood and perilymph were 
taken 15, 30, 60 anc 90 minutes after injection. Five microliters of 
each sample were diluted with 50 ul of distilled water and 
counted using a spectrometer.* Animals treated with ethacrynic 
acid were treated in the same way as controls, except that they 
were given sodium ethacrynate (30 mg/kg) intravenously just 
prior to ? Na adminsstration. 


Calcium Study. Animals in the calcium study were anesthetized 
as above; “Ca (10 mCi/mg) was diluted with physiological saline 
to an activity of 10® pCi/ml. Chinchillas then were injected with 
40 »Ci/kg intravene usly. Samples of serum, perilymph, CSF, and 
aqueous humor were collected at 30 minutes, 2, 6, 12, 18 and 24 
hours after injectien. Five microliters of each body fluid were 
diluted with 50 yl of distilled water and counted with a spec- 
trometer. * 


RISA Study. Forthe radioiodinated '**I serum albumin (RISA) 
study, animals wer anesthetized in a similar manner. RISA was 
diluted to an activity of 100 pCi/ml in normal saline. Each animal 
was injected with 70 „Ci/kg and samples of serum, perilymph, 
CSF, and aqueous humor were obtained at 30 minutes, 2, 6, 12 
and 24 hours after mjection. Five-microliter samples were diluted 


BLOOD LABYRINTH 


BLOOG BARRIER 


PERILYMPH 


Sodium 
Calcium 
Albumin 


Kanamycin 






Furosemice 
Osmotic Agents 


Fig. 1. This schematic diagram illustrates the various 
test substances injected systemically into the chinchilla. 
These substances were subsequently retrieved by collection 
and analysis of perilymph. 


*Packard Autoganama Spectrometer, Model 3003. 


with 50 yl distilled water and counted with a Beckman gamma 
counter. 


Kanamycin Study. Chinchillas were injected with 200 mg/kg 
kanamycin intramuscularly. Samples of blood, perilymph, CSF, 
and aqueous humor were obtained one hour after injection under 
anesthesia induced by sodium pentobarbital (30 mg/kg). 


Kanamycin concentration was measured using a radioimmuno- 
assay kit that is commercially available.* This technique uses the 
double antibody technique with ‘*‘I as the tracer. The concentra- 
tion of unknowns is extrapolated from a standard curve. 


Furosemide Study. The next group of chinchillas was anes- 
thetized with pentobarbital (30 mg/kg intraperitoneally) and in- 
jected with furosemide, 100 mg/kg intravenously. Samples of ser- 
um and perilymph were obtained 5, 15, 30 and 60 minutes after 
injection. Furosemide concentrations were determined using 
high-pressure liquid chromatography separation with ultraviolet 
detection at 235 nm. 


Concentrations were extrapolated from standard curves, pre- 
pared from known concentrations of furosemide, which are linear 
from 0.050 to 500 „g/ml. Samples prepared from untreated 
animals showed no interfering substances.* 


Urea Study. Chinchillas anesthetized with urethane were in- 
jected with urea 2 g/kg intravenously. Samples of blood, 
perilymph, and CSF were obtained from individual animals 30, 
60, 90, 120 and 180 minutes after injection. Samples were anal- 
yzed by a colorimetric method with urease and the Bertholet reac- 
tion. A detailed description of the method has been published 
previously.‘ 


RESULTS 


Sodium Study. A plot of the ratio of ? Na activity 
of perilymph, CSF, and aqueous humor to that in 
serum (Fig. 2) shows that the net transport of 
sodium ions into the perilymphatic space is a slow 
process compared to that of CSF or aqueous humor. 
The sodium exchange time (SET) is about 190 min- 
utes for perilymph, but is much shorter for CSF and 
aqueous humor. Sodium exchange time represents 
the time to reach 50% of serum activity. 


Animals injected with ethacrynic acid at the 
same time as ?Na was injected showed an in- 
teresting pattern (Fig. 3). Fifteen minutes after in- 


*Monitor Science Corporation, Newport Beach, Calif. 
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jection, the perilymph of the ethacrynic acid- 
treated animals had the same ratio of ?Na ectivity 
to that of serum as the control animals. However, 
30 and 60 minutes after injection, ? Na act vity of 
diuretic-treated animals was substantially reduced. 
By 90 minutes, the ??Na activity in the perilynpn of 
both groups was equal. 


Calcium Study. The calcium activity m=2asare- 
ment (Fig. 4) showed that calcium upta-e nto 
aqueous humor was considerably more rap d taan 
its entry into CSF or perilymph. Only twe heurs 
were required for the activity of **Ca in =queous 
humor to reach 50% of serum values. On t= o her 
hand, perilymph uptake of **Ca rose evea more 
slowly, requiring more than 20 hours to attan I% 
of serum activity. The rate of uptake of @lc um 
tracer into CSF was intermediate between that of 
serum and perilymph. 
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Fig. 3. Comparison of ratio of perilymph 7Na acti ity o 


that of serum in control and ethacrynic acid-treated (. 0 
mg/kg) chinchillas. 





Fig. 2. Ratio of perilymph, CSF, 
and aqueous humor activities to that 
of serum after intravenous adminis- 
tration of ?Na in chinchillas. (From 
Arch Otorhinolaryngol 1976; 212: 
213-4. Copyright 1976, Springer Ver- 
lag. Published with permission. ) 


RISA Study. The relative activity of RISA in 
perilymph (Fig. 5) gradually increased with time, 
reaching a peak at 12 hours after injection. The ac- 
tivity of RISA in CSF was considerably lower than 
that in perilymph. It is clear that only a very minute 
amoun of albumin is transported into the peri- 
lympn, but even less seems to penetrate into CSF. 
This may be a reflection of the low ratio of protein 
content in CSF to that of perilymph under normal 
cond:tions. The small degree of penetration of 
albumin into CSF compared with transport into 
perilymph may reflect the normal tendency of 
perilymph protein concentration to be maintained 
abou- eight times that of CSF (200 mg/100 ml com- 
pared to 25 mg/100 ml).* 


Kanemycin Study. Kanamycin concentrations in 
serura and perilymph one hour after intramuscular 
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Fiz. 4. Ratio of perilymph, CSF, and aqueous humor 
activities to that of serum after intravenous administration 
of “Za in chinchillas. 
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Fig. 5. Ratiœof perilymph, CSF, and aqueous humor 
activities to that of serum after intravenous administration 
of RISA in chineillas. 


injection show a distinct difference between serum 
and perilymph with a ratio of about 45:1 (Fig. 6). 
In contrast wita furosemide, this ratio does not re- 
main constant ver time. It is interesting to observe 
that the peak serum concentration occurs one hour 
after infection. but perilymph concentration does 
not reach a meximum until four hours after injec- 
tion. 


Furosemide Study. Furosemide concentrations in 
serum (Fig. 7) were highest at the earliest time of 
sampling (495 pe/ml), as expected. The half-life was 
calculated to be 33.6 minutes in serum. Perilymph, 
on the other haad, was found to have a much lower 
peak concentration (5.2 ng/ml) than serum. Fur- 
thermore, the rate of decline of furosemide concen- 
tration in perilymph, as reflected in the half-life of 
131 minutes, w as slightly longer than that of serum. 
Protein binding studies with furosemide added to 
chinchilla serum (500 pg/ml) showed that about 
86% of the dmg was bound to plasma proteins 
(data not shown). Perilymph to serum ratios were 
calculated for farosemide. These values were found 
to approximate a constant value of 0.015 at each 
time point. 


Urea Study. When a hyperosmotic agent (urea) 
was injected in o blood, peak serum concentration 
was reached wihin 15 minutes after infection (Fig. 
8). Perilymph, 10wever, did not reach a peak con- 
centration of uma until 120 minutes after injection. 
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Fig. 6. Kanamycin concentration in perilymph and ser- 
um after injection of 200 mg/kg intramuscularly in chin- 
chillas. 


DISCUSSION 


A previous report from this laboratory’ demon- 
strated that CSF, aqueous humor, and perilymph 
each had distinct rates of uptake of ?*Na after in- 
travenous injection. This observation and the re- 
sults reported here suggest the presence of a blood- 
labyrinth barrier, since an ion of small radius (Na+) 
seems to slowly exchange with Na* ions that were 
already present in perilymph before injection. 


It is interesting to observe that ethacrynic acid 
administration reduces the rate of ?Na entrance in- 
to perilymph. Assuming that there are dynamic Nat 
fluxes between perilymph and blood® these data 
suggest that the transport of sodium ions from blood 
into perilymph is inhibited by ethacrynic acid. Al- 
though the exact site of this inhibition is not re- 
vealed by these experiments, a direct effect of eth- 
acrynic acid on the cellular lining of the peri- 
lymphatic space is quite possible. Because reduced 
membrane transport of sodium into the CNS due to 
ethacrynic acid has been suggested by Miner and 
Reed? a similar mechanism can be invoked to ac- 
count for the reduced rate of sodium transport re- 
vealed by this study. Sequential changes in ion com- 
position caused by ethacrynic acid may be respons- 
ible for the changes in endocochlear potential ob- 
served by other investigators. The results of the 
present study also demonstrate that certain ototoxic 
drugs can alter the Na* flux through the blood-laby- 
rinth barrier. 


The results of the calcium study are not surpris- 
ing, at least with regard to the rate of uptake into 
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the CSF. Oppelt et al'° reported that a perioc of 5-6 
hours was required before a CSF/plasma ratie of 
0.5 was achieved in dogs who were injecte] with 
**Ca intravenously. This agrees quite well wth our 
value in the chinchilla (7 hours). The calciun con- 
centrations in CSF appear to be regulated by an ac- 
tive transport mechanism, rather than by ci fusion 
or ultrafiltration.'°"! 


Previous studies from the laboratory? cemon- 
strated that the concentration of calcium ia peri- 
lymph did not change significantly three hous after 
induction of hypocalcemia by injection of th~reeal- 
citonin. 


The importance of a barrier system limitmg the 
quantity of calcium entering the CSF and perilym- 
phatic space seems obvious, since the calciura plays 
such an important role in neural transmissien and 
in membrane permeability. Ionic homeostasi- inthe 
brain has been related to the fact that the fimetion 
of the CNS is in general resistant to disturbaaces of 
calcium and other ionic composition of blood, 
whereas excitable tissues without effective b!cod_-in- 
terstitial fluid barriers may manifest consicerable 
dysfunction. Therefore, in the face of altered cir- 
culating ion concentration in blood, cardia= mus- 
cle, smooth muscle, skeletal muscle, permheral 
nerves, or neuromuscular junctions are affeesed be- 
fore the brain or the spinal cord.'? 


Koide et al" reported that calcium ions car af! ect 
the metabolism of labyrinthine tissues by inh biting 
oxidative phosphorylation. 


Moscovitch and Gannon'* demonstrated tnat an 
increase in calcium concentration in periymph 
caused an augmentation of the cochlear micrcphon- 
ic and summation potential while depressing he ac- 
tion potential. They attributed these electrophy:io- 
logical changes to the effects of the calcium bn the 
olivocochlear bundle transmitter release and »olari- 
zation of the hair cell membrane. 


Albumin is an ellipsoid protein molecule. The til- 
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Fig. 7. Furosemide kinetics in 
serum and perilymph after intraven- 
ous injection (100 mg/kg). FSM - Fur- 
osemide. 


tratioa of albumin through the glomerular capil- 
laries of the kidney is normally quite limited.'’ 


Therefore, it is not surprising to find a slow rate 
of RISA uptake into body fluid compartments. It is 
interesting to observe, however, the marked differ- 
ence between penetration of RISA into perilymph 
and imto CSF. The barrier to penetration of RISA 
into perilymph is consistent with the observations of 
Winther'® who found that the capillaries of the 
guinea pig spiral prominence and spiral ligament 
were impermeable to horseradish peroxidase (a pro- 
tein oi 40,000 molecular weight). 
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Fig. 8. Concentration of urea (mg/100 ml) in serum, 
CSF and perilymph at various times after intravenous ad- 
ministration (2 g/kg) in chinchillas. SE - Standard error. 
(From Arch Otolaryngol 1979; 105:538-41. Copyright 
197% AMA. Published with permission.) 
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Furosemide & very highly protein-bound — about 
90-95 % in normal patients” and 86% in the present 
study at the meximum serum concentration. There- 
fore, one would expect only about 14% of the drug 
concentration n plasma to be free for diffusion. 
The degree of transfer of drug across the blood- 
perilymph inte-face probably depends on the rela- 
tive affinity of drug in plasma for plasma water, 
plasma proteirs, membrane lipid and membrane 
carrier protein as suggested by Oldendorf’s model 
for brain permeability to drugs.'* Perhaps more 
than just the fæe plasma fraction of furosemide is 
potentially abl- to enter the perilymphatic space. 
However, we found that the perilymph concentra- 
tions of furosemide were only about 1.5% of serum 
concentrations. a value one tenth as great as would 
be expected by passive diffusion of the free fraction 
alone. This suggests a process controlling the net 
penetration of furosemide into perilymph. The 
elimination of urosemide from perilymph also oc- 
curs at a slower rate than the rate of excretion from 
serum. 


An organic cid efflux transport system within 
the choroid plexus of the fourth ventricle transfers 
weak acids from CSF to blood. Such materials as 
Diodrast®, phenolphthalein, salicylic acid, and 
penicillin are transported from CSF into blood fast- 
er than from bood to CSF. Efflux can be blocked 
by probenecid. ° A similar efflux transport system 
may exist in the inner ear. Since furosemide is a 
weak acid that is transported by the organic acid 
transport systen in the kidney,” it is possible that 
the rate of efflux from perilymph exceeds the rate of 
influx, thereby limiting perilymph concentration. 


Kanamycini a relatively polar molecule which is 
not significantky bound to serum proteins.”' How- 
ever, it is slowl* taken up into perilymph and is very 
slowly removec from this compartment. The half- 
life of kanamycin in blood has been shown to be 
about 85 minu-es, whereas in perilymph the half- 
life is about 15 hours.” 


The fact tha kanamycin penetration into peri- 
lymph is limited in spite of the low fraction of pro- 
tein binding su zgests a barrier that tends to exclude 
this relatively mall positively charged drug from 
the perilymph. 


The study © an osmotic agent, namely urea, 
demonstrates fhat osmotic pressure in the peri- 
lymph does parallel changes in serum but with a 
distinct lag perod as was demonstrated in previous 
studies with gl*cerol.”’ 


Urea is a diffusible molecule that is readily fil- 
tered by the kidney glomerulus.'* Although urea has 
been shown to enter perilymph after systemic ad- 
ministration® 4 its peak concentration is limited and 
occurs two hous after injection. The slow accumu- 


lation of urea suggests a blood-labyrinth barrier 
that regulates the net concentration of urea in peri- 
lymph. 

Osmotic relationships between the body fluids 
and inner ear fluids have been studied in the past. 
Bosher and Warren?” reported that alterations in 
body fluid osmolality (induced by the intraperi- 
toneal injection of water or hypertonic glycerol) 
were accompanied by changes in the osmotic pres- 
sure of the inner ear fluids in neonatal rats. Juhn et 
alt? also demonstrated that perilymph osmolality 
changes in the chinchilla and guinea pig parallel 
changes in serum; however, a time lag was observed. 


These studies demonstrate that perilymph osmol- 
ality responds to variations of serum osmolality and 
that water is transported in either direction through 
the blood-labyrinth barrier when serum osmolality 
is either increased or reduced. Therefore, the blood- 
labyrinth barrier appears to be freely permeable to 
water, but less permeable to other substances such 
as glucose,® glycerol”? and urea.*4 


The investigations reported here support the ex- 
istence of mechanisms that regulate the concentra- 
tions of certain substances in inner ear fluids. The 
distinct concentration differences from serum and 
the slow and incomplete equilibration over pro- 
longed periods of observation implicate a blood- 
labyrinth barrier. This barrier apparently can be 
altered by experimental manipulations, as shown 
by the reduction of ?Na transport into perilymph 
produced by administration of ethacrynic acid. 


The delayed transfer of substances from blood in- 
to perilymph may represent a slow diffusion of the 
material from the capillaries through the extracel- 
lular space of the spiral ligament, and through the 
layers of connective tissue between the vessels and 
the perilymphatic space.?® Capillaries of brain,"® 
the ciliary process of the eye?” and the spiral 
ligament! demonstrate a lack of fenestration. This 
anatomic feature would tend to prevent high mo- 
lecular weight substance from passing between cap- 
illary endothelial cells and would require penetra- 
tion through these cells.'® Such structural factors 
could form part of the basis by which certain sub- 
stances are restricted from entering the labyrinthine 
fluids. Thus, the blood-labyrinth barrier, defined as 
the sum of various special transport mechanisms be- 
tween blood and labyrinth, appears to be an essen- 
tial system for maintaining the ultrastable environ- 
ment of the inner ear necessary for proper function. 
Better understanding of the nature of the blood- 
labyrinth barrier will certainly enhance the clarifi- 
cation of the pathogenesis of various inner ear disor- 
ders such as Meniere’s disease, or metabolic disturb- 
ance resulting in cochleovestibular dysfunction. Ad- 
ditional morphologic, physiologic and biochemical 
studies are warranted to further characterize this 
blood-labyrinth barrier. 
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The medical amanagement of Meniére’s disease appears to be a misunderstood and controversial subject. There are those physicians 
who state that albcases can be controlled by medical means and that surgery is never indicated. Another group of investigators now em- 
phasizes early surgical intervention without a medical trial. These conflicting views have led the authors to review all of their cases of 
Meniere's disease ‘almost 1,000) in relation to medical management. The medical regime and its rationale are presented in detail. The 
results of this the=apy are discussed in the context of control of vertigo, relief of tinnitus and pressure, and the stabilization of hearing. 


On January 8, 1861, Prosper Meniére presented 
before the Pamis Academy of Medicine his paper en- 
titled “A Repat on Lesions of the Inner Ear Giving 
Rise to Sympwms of Cerebral Congestion of Apo- 
plectic Type.”' Fomenting considerable controver- 
sy, he identifed the classic triad of vertigo, deaf- 
ness, and tinmtus as a disease of the inner ear. One 
hundred nineteen years later, the controversy 
which surrouads the enigma of Meniére’s disease 
persists, large-y the result of a poor understanding 
of the basic p-inciples of etiology. The bewildering 
array of thera eutic options available serves to reaf- 
firm this confusion relative to the pathogenesis of 
the basic patl>logy of endolymphatic hydrops. 


Nonsurgica_. regimens for the treatment of Men- 
iere’s disease are effective and currently accepted as 
efficacious cliaical management. Medical manage- 
ment, however, appears to be a controversial and 
misunderstooc topic. Some physicians hold that all 
cases can be centrolled medically alone, while other 
groups emphasize early surgical intervention with- 
out medical tial. The purpose of this paper is to 
specifically cescribe diuretic therapy and salt 
restriction as me logical approach to the necessarily 
empiric treatment of Meniére’s disease as a disease 
of endolympkatic hydrops. This conservative ap- 
proach to init=al therapy must, however, be aggres- 
sively relatec to the concepts of the surgical 
management Df Meniére’s disease and guidelines 
will be presented. A large series of patients is 
reviewed and a reasonable approach to therapy for- 
mulated. 


LITERATURE REVIEW 
-= In 1938, Hellpike and Cairns? first described the 


histopathology of Meniére’s disease consistent with 
endolymphatic hydrops. Even prior to 1938, how- 
ever, disturbances of salt and water balance were 
implicated in a number of diseases such as epilepsy, 
migraine, asthma, allergy, hypertension, and later 
glaucoma, as well as Menieére’s disease.’ 


Dederding in 1929* and 1931,° and Mygind and 
Dederding in 1938° clearly associated water reten- 
tion and an aggravation of both the cochlear and 
vestibular symptoms in this disease. 


Later, Furstenberg and his co-workers’* reported 
“the basic disturbance in patients with Meniére’s 
disease is sodium retention . . .” Their data and 
Hallpike and Cairns’ histologic findings served as 
the theoretic basis for all future medical regimens 
which were ultimately designed to prevent or re- 
duce the accumulation of excess endolymph. Fur- 
stenberg et al published their regimen of strict salt 
restriction and ammonium chloride diuretic thera- 
py as providing complete symptomatic relief from 
vertigo in 57% of 35 patients. An additional 26% 
were “improved.” Only 9% had any improvement 
in hearing. 


Norell and Stahle™'° throughout the 1960s also 
documented favorable responses to this therapeutic 
approach. More efficient diuretics in the form of 
thiazides proved effective in stimulating both 
clinical application and patient compliance. 


In one of the few well-controlled studies on this 
subject, Klockhoff and Lindbloom" and Klockhoff 
et al’? declared oral diuretics and dietary sodium 
control as “superior to any other medical 
treatment.” In a double-blind study of 30 patients, 
hearing was stabilized in 69 % ; vertigo controlled in 
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58 % ; and an overall improvement in “genera! eon- 
dition” was seen in 77%. -End-stage or non- 
fluctuating forms responded poorly and although 
no correlation as to degree of response was noted, 
glycerol-positive patients responded best to diuretic 
therapy. Follow-up of this group, however, reveal- 
ed “. . . few patients in whom a longstanding, ab- 
viously drug-related, improvement of the heariag 
occurred.” Since hearing loss, in many, continued 
to progress, they concluded that this form of ther- 
apy does not arrest the long-term effects of tne 
disease but that vertigo control produced excellent 
functional results. 


Boles et al reconfirmed the efficacy of the Fer- 
stenberg regimen in 1975.'° In reviewing 125 pa- 
tients followed at the University of Michigan, 
“response of the patient to treatment was deter- 
mined by the degree of relief from vertiginous epi- 
sodes.” Good to excellent responses were identified 
in 86% of those whose disease was classified as 
severe, 94% of those moderately severe, and 100% 
whose disease was mild. The subject of hearing was 
poorly dealt with but the inference was that pzo- 
gression was apparently uninterrupted. It was, in 
fact, this study that prompted the senior author to 
modify his medical approach to the therapy of Men- 
iere’s disease. 


There has been much contradictory evidencesp-o- 
duced, but it is this contradictory enigma wh ch 
constitutes the modern concept of Meniére’s 
disease.'*-!° 


THERAPEUTIC BASIS 


A myriad of pharmacologic agents have been 
proposed as components of therapeutic appreacres 
to Meniere’s disease, all based on differing theories 
of pathogenesis. It is beyond the scope of this eam- 
munication to discuss them all. Diuretic therepy 
and salt restriction is one of only two medica! ap- 
proaches proved to be effective by double-blind 
study and it is this approach on which we shal! con- 
centrate." 


It is safe to say that the pathogenesis of Hallpike 
and Cairns” original observation, to date, remains 
obscure. Nonetheless, endolymphatic hydrops 5 a 
consistent finding and of significant pathophysio- 
logic importance in the fluctuant symptom complex 
of Meniere’s disease. The effects of glycerine are 
thought to reaffirm this. 


Glycerine reduces CSF pressure and has been 
used in Europe therapeutically to control intra- 
ocular pressure in glaucoma.'* Angelborg end 
Agerup”’ and Juhn et al” clearly demonstrated in- 
tracochlear pressure and osmolality changes in 
response to systemic administration of glyeerine. 
Klockhoff and Lindbloom?! demonstrated complete 
labyrinthine collapse in guinea pigs to which gly- 
cerine was given. Arenberg et al? and many others 


have, as well, clearly documented the clinical ef- 
fects of glycerine on the symptom complex of Men- 
iere’s cisease within the format of a diagnostic 
evaluation. It is thought that glycerine produces an 
intracochlear hydrodynamic effect which is osmotic 
in nature and which directly and/or indirectly al- 
ters the hydropic state. On this basis, it would ap- 
pear that the observed hydropic pathology is patho- 
physiologically crucial. It also suggests that this 
process is amenable to hydrodynamic treatment. 


Suffice it to say that body fluid and particularly 
extracellular fluid (ECF) volume homeostasis is un- 
der nervous and hormonal control. Sodium restric- 
tion amd diuretic therapy is based on an attack on 
the ECF and, consequently, endolymphatic hy- 
drops. In order to justify this approach, certain 
basic assumptions must be made. First, as proposed 
by Naftalin,” endolymph is a component, albeit 
modified, of the ECF and is contracted and ex- 
panded in volume with the rest of the ECF, its con- 
stituemts under the influence of the active hor- 
mones. Recently a second proposal has been made; 
that is, that the diuretic directly intervenes in the 
intralabyrinthine fluid-electrolyte balance, most 
probably at the level of the stria vascularis.'"'? On 
these proposals or assumptions, salt restriction and 
diuretic therapy is based. Sodium restriction flat- 
tens gross fluctuations in sodium balance and conse- 
quent fluctuations in ECF volume resulting in a 
general dehydration. At the same time, normal 
movements of sodium, potassium and water be- 
tween endolymph and associated fluids is allowed, 
possibly even facilitated directly by diuretic 
therapy. 


There is much clinical evidence from which the 
importance of dietary sodium balance and body 
fluid momeostasis can be inferred. A significant 
number of patients with Menieére’s disease volunteer 
a history of attack provocation by dietary (sodium) 
indiscretion. Similarly, premenstrual women under 
the influence of fluid-retaining hormones common- 
ly describe aural fullness occasionally associated 
with vertigo, both of which can clearly be 
eliminated by diuretic therapy. The problems as- 
sociated with oral contraceptives support this line of 
thought in this context. Attacks are regularly 
precipstated by fluid overloading patients with 
Meniere's disease in the postoperative period when 
they have undergone unrelated surgery. Last, and 
most important, is the fact that glycerol-positive pa- 
tients generally respond better to this form of 
medical manipulation. 


THE REGIMEN 


Once the diagnosis of Meniére’s disease has been 
made according to the guidelines established by the 
American Academy of Ophthalmology and Otolar- 
yngolegy (AAOO)* and a thorough neurotologic 
evaluation completed to effectively exclude the 
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possibility of əcoustic tumor and any other causally 
treatable etiobgy (allergy, lues or endocrine abnor- 
malities), a tral medical regimen is initiated. The 
mainstay of this conservative program is dietary salt 
restriction ard diuretic therapy. Labyrinthine 
sedatives are esed for ancillary support. 


What is a lew salt diet? How strict should it be? 
How long wil I have to stay on it? These are all 
crucial questiens which, in order to assure patient 
compliance, must be answered with clarity. Gener- 
ally “low salt diets” can range from 500 mg to 4 gm 
sodium diets. severe salt restriction permits 1 gm of 
sodium daily. It is stringent and patient compliance 
is poor. Mode-ate salt restriction allows 2 gm/day. 
This is practical and is used commonly to treat car- 
diopulmonary disease. Although practical, it is still 
somewhat unpalatable. The authors prefer what we 
refer to as a “Common sense” salt restriction. Simply 
stated, this diet excludes heavily salted foods as well 
as use of the sdt shaker at tableside. Salted peanuts, 
bacon, sausage, cured meats (pork), potato chips, 
pretzels, etc, cre examples of excluded foods. A salt 
substitute is encouraged. This diet amounts to a 3 to 
4 gm sodium restricted diet, is palatable and is quite 
effective wher used in conjunction with a diuretic. 
Patient compl ance is generally excellent. 


Thiazide dit retics have been found to be effective 
and of the moe use to us. The authors prefer hydro- 
chlorothiazide in combination with a triamterene 
derivative,* the advantage being its potassium- 
sparing effects. The diuretic is taken daily with a 
glass of orarge juice. Few problems are en- 
countered the are sufficiently severe enough to 
warrant dosage modification, but every other day 
or twice daily schedules are options. Furosemide 
and ethacrynic acid are generally avoided. 


It is strongy suggested that tobacco abuse be 
abrogated. As acted, labyrinthine sedatives and an- 


*Dyazide®. 


ticholinergics serve as ancillary support. We prefer 
diazepam* and glycopyrrolate. tł 


The patient is instructed of the importance of be- 
havioral modification around this regimen in that, 
in our philosophy, compliance will be necessary for 
the rest of his/her lifetime. Favorable results do not 
permit noncompliance and regimen failure does not 
permit cessation even once surgical therapy is ex- 
ecuted. Medical management in the form of salt 
restriction and diuretic therapy is continued even 
though, as an initial failure, surgical treatment was 
necessary. The patient with newly diagnosed Men- 
iere’s disease is asked to return for an office visit in 
six weeks. The duration of medical trial should not 
exceed three months if it is apparent that symptoms 
are uncontrolled. Vertigo and hearing loss are 
viewed as equally important even though, most 
usually, the patient’s primary concern is his in- 
capacitating vertigo. 


METHODS 


This study spans a period from January 1970 to December 
1978. During this time span 1,143 patients were seen, to whom 
the diagnosis of Meniére’s disease was appended. The vast majori- 
ty were described as having classic Meniére’s disease (83 % ) while 
the remainder were composed of the more unusual varieties of 
cochlear hydrops (13%) and vestibular Meniére’s (3.6%). An 
overall incidence of bilaterality was seen in 28% . No unusual sex- 
ual distribution was identified. Average age of presentation was 
45.9 years while mean duration of symptoms before diagnosed 
was 2.41 years. The classification of these patients into 
therapeutic categories is as demonstrated in Figure 1. 


Prior to any therapeutic intervention, all patients underwent 
thorough neurotologic evaluation. A neurotologic historical 
review and physical examination were performed in all cases. 
Our neurotologic test battery included pure tone and speech 
audiometry, Olsen modification of the Carhart tone decay test, 
modified SISI, stapedial reflex decay, electronystagmography 
(ENG), petrous pyramid x-rays and brainstem electric response 
audiometry (BERA). Should any of these studies be suspect, com- 


*Valium®. 
tRobinul®. 
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TABLE 1. RESULTS OF THERAPY GENERALLY 
EXCLUSIVE OF SALT RESTRICTION AND DIURFT-C 


THERAPY, JAN 1970-DEC 1975 (N= 88) 
E 


Class No. % Vertigo Hearing 
25 28.4 C Improved (>15 dB and/or 
15% SD) 
26 29.5 C Unchanged 


3 3.9 C Worse (> 15 dB and/or I5% SD) 
34 38.6 U 


- Controlled; U - Uncontrolled. 


Ogns > 


puterized axial tomography (CAT scan) of the head and/or 
posterior fossa myelography were performed. Appropriate 
serologic, endocrine-metabolic and allergic evaluations wer ap- 
plied as indicated. 


Patients undergoing surgery upon initial referral had already 
undergone unsuccessful medical trials and were re‘errec spe- 
cifically for surgical consideration. The remainder weresubected 
to the medical regimen consistent with two conceptually cifserent 
approaches. From January 1970 to December 1974 the medical 
protocol followed by the senior author includec basically 
nicotinic acid, vitamins and histamine treatments. Labyrirthine 
sedatives were inconsistently applied. Between January 1975 and 
December 1978 these agents had been abandoned and diuretic 
therapy and salt restriction formulated the mainstays of our 
medical format. 


The wide geographical distribution of the referral pattera that 
our Otology Group enjoys complicates greatly accurate fellow- 
up. Of the 687 patients on whom follow-up was availabl: , 292 
were followed through the authors’ practice. It is this zroup 
which comprises the bulk of this investigation. After nitial 
diagnosis and therapeutic formulation, 395 subjects, for practical 
considerations, were referred back to the care of their referring 
otolaryngologists. A portion of this group also included a ne mber 
whose duration of clinical follow-up is inadequate to allow 
justifiable conclusion of therapeutic outcome or had definitive 
etiologies otherwise established. 


When a patient is referred back to his originating geageaphy, 
he is also returned to the diversified therapeutic philosapř ies of 
their respective physicians. The study and resultant dat: thus 
became significantly contaminated so as to prevent anal~sis of 
data as absolute. A subjective response was then sought from this 
group as to whether they were still using salt restrictiom and 
diuretic therapy as well as their subjective evaluation of 
therapeutic efficacy. Such information was obtained om an addi- 
tional 123 patients and is presented separately. Follow up is 
therefore available on 415 patients in this series. Duraton of 
follow-up ranges from nine months to eight years with a mean 
duration for the studied group of two years and nine menzhs. 


RESULTS 


For this study all chart reviews were performed 
by investigators independent of the staff oi the 
Otology Group. All results are reported aeconding 
to the guidelines established by the AAOO.”* Results 
are reported in three groups: the group pre-January 
1975; post-January 1975; and questionnaire re- 
sponses. 


Results of medical therapy generally exclusive of 


salt restriction and diuretic therapy are summarized 
in Table 1. 


Class A and B results can be considered as favor- 
able and when combined, present a success rete of 
57.9% . Hearing decrement and uncontrolled ver- 
tigo comprise medical failure in 42.1% of this 
population. Thirty-three percent of those who 


TABLE 2. RESULTS OF THERAPY WITH SALT 
RESTRICTION AND A DIURETIC, DEC 1975-DEC 1978 


N = 204 
i 
Class No. % Vertigo Hearin 

A Ho abi C Improved (>15 dB and/or 
15% SD) 
75 36.8 C Unchanged 


B 

C 9 4.4 C Worse (>15 dB and/or 15% SD) 
D 48 21.1 U 

C - Controlled; U - Uncontrolled. 


failec to respond did so within the first six months of 
the trial where 59% failed within the first year. 


A medical protocol including diuretic therapy 
and salt restriction generated therapeutic success 
which is summarized in Table 2. 


Again, combination of class A and B results gen- 
erate a figure of favorable therapeutic efficacy of 
74.5%. Twenty-five and five-tenths percent of this 
group represented medical failures and were man- 
aged therefore, surgically. Medical failure occur- 
red within six months in 66.7% of the failure group 
while 90% of medical failures were evident by one 
year. 


The subjective symptoms of tinnitus and pressure 
could not be absolutely evaluated. When polled, 
the majority of patients admitted to persistent tin- 
nitus (81.3%). and pressure (77.2%). Tinnitus was 
unchanged in 48% and improved in 30.9% , where- 
as pressure persisted unchanged in 42.3% but im- 
proved in 34.1%. 


Ome hundred twenty-three patients responded to 
a questionnaire seeking their subjective responses 
regarding the efficacy of salt restriction and diuretic 
therapy for their Meniére’s disease. Eighty and five- 
tenths percent were still undergoing this protocol, 
65.9 % volunteering information that this regimen 
had helped them. Hearing could not be quantita- 
tively evaluated but 9.8% noted hearing improve- 
ment; 19.5% reported a decrease in auditory acuity 
while 70.7% acknowledged no change in their 
hear ng states. 


DISCUSSION 


The therapeutic attack of the salt restriction and 
diuretic format is based on the premise that en- 
dolymphatic hydrops is a consistent finding in 
Men ère’s disease and is of significant patho- 
physiologic importance. Diuretic therapy and 
dietary sodium control is effective and in this regard 
should precede surgical intervention as a medical 
trial 


The title of this communication may be some- 
what misleading in that all forms of medical man- 
agement are not equally effective. The double-blind 
studies of Klockhoff and Lindbloom''? validate 
clinieal studies such as ours which suggest that the 
empaasis of the concept of “medical therapy for 
Men ere’s disease” holds diuretic therapy and 
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dietary sodium control as its mainstays. This con- 
cept is clearly llustrated by the disparity in suc- 
cessful results gnerated within the two periods of 
our experience Prior to January 1975, during 
which salt restr ction and diuretic therapy was not 
applied, a suceessful outcome was noted in but 
57.9% . After January 1975, when this regimen was 
specifically employed, class A and B results were 
noted in 74.5% of those treated. 


Diuretic therepy and dietary salt restriction is not 
causal therapy such that the disease is cured by its 
application. Tł= pathogenetic origin of Hallpike 
and Cairns”? observations, even today, remains at 
best obscure. Ary therapy, by definition, then must 
be empiric. For his reason the safest regimen which 
achieves symptamatic control is indicated. Herein 
lies the basis oœ our philosophy of medical trial 
representing a precondition to surgical and more 
aggressive inter*ention. 


Since diuretic therapy and salt restriction is not 
causal therapy, specific etiologic factors must be 
sought which, when identified, can be specifically 
managed as casual. Particular attention to the 
allergic, luetic, and endocrine-metabolic aspects of 
Meniere’s diseas= as treatable etiologies must not be 
overlooked unde the blanket of “symptomatic con- 
trol.” 


What constitates medical failure? Under what 
circumstances is surgical intervention indicated? 
Historically, suecess or failure of any therapeutic 
protocol designe] to confront Meniere's disease was 
judged by its ability to control this disease’s most 
disabling symptem — vertigo. It is this whirling in- 
capacitation which originally brings the patient 
with Meniére’s disease to seek medical assistance. 
Torok® has somewhat nihilistically suggested that 
no matter what we do, vertigo will be controlled in 
60-80% of those treated. It is time to reorient our 
thinking on Meräère’s disease to include hearing loss 
as well. This ccncept is certainly not one that is 
original,'”?* bw is certainly one that puts the 
historical view cf the concepts of medical manage- 
ment in an entirely new perspective. 


Vertigo is, of course, the patient’s most distress- 
ing problem anc, obviously, inability to control this 
symptom forthrwhtly indicates therapeutic failure. 
Vertigo control however, should not necessarily 
signal conservat ve success. “Medical treatment is 
not conservative if it allows the inner ear to be 
lost.”?6 If medical therapy is able to control vertigo 
while simultaneeusly preventing wide hearing fluc- 
tuation of signif cant (15 dB/15% SD) hearing re- 
gression, the pat ent’s Meniére’s disease is being suc- 
cessfully manag=d conservatively. Apparent effec- 
tive control of the patient’s most disabling symptom 
of vertigo should not lull the otologist into a false 
sense of security relative to potentially irreversible 
progression of tae auditory aspects of his disease. 
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Medical failure therefore is inability to control ver- 
tigo and/or progressive hearing disability. Under 
these circumstances the patient is a candidate for 
endolymphatic sac (drainage) surgery. 


In this regard, the authors do not wish to imply 
that in 204 patients treated with salt restriction and 
diuretics only 9 (4.4%) suffered hearing progres- 
sion. Indeed, in our experience, when vertigo fails 
to respond to this regimen, hearing generally pro- 
gresses negatively in a likewise uncontrolled fashion 
so that the majority of the class D results were asso- 
ciated with hearing loss progression. 


Medical failure, when it occurs, is generally ob- 
vious within the first three months of trial while 
66% declare themselves by six months. Even equi- 
vocal responders declared success or failure by one 
year (90%). These statistics are presented as clinical 
guidelines by which patients who occasionally pre- 
sent unclear clinical pictures can be judged. As 
noted the majority of failures are immediate and a 
decision as to surgical intervention can usually be 
made within three months. Equivocal responders or 
those patients reluctant to accept sac surgery in face 
of near but not quite total incapacitation will also 
declare their response to medical management gen- 
erally within a time span short enough to preclude 
irreversible changes possibly prevented by more ag- 
gressive measures. The advantage of early surgery is 
not compromised by medical trial. 


Klockhoff et al'? as well as Arenberg and Bayer," 
while acknowledging diuretic and sodium dietary 
therapy as the best of all medical formats, have sug- 
gested that medical management does not interrupt 
the “inexorable progression of endolymphatic hy- 
drops and its effects on hearing.”’’ At this time, the 
authors are not able to respond to their claim with 
absolute data in the form of “long-term” follow-up 
since our mean follow-up is but two years, nine 
months. For practical purposes, five to ten years 
will be needed. We can, however, suggest our im- 
pressions. A point to consider in this regard is thera- 
peutic persistence. In many studies, therapeutic 
medical protocols are relaxed when symptoms are 
improved or relieved. The authors insist upon ab- 
solute compliance with their medical protocol “for 
life” and generally regardless of outcome or future 
treatment direction. We have in general been quite 
pleased with not only the patient's response with 
respect to vertigo but also the resultant stability 
and, in some cases, improvement in auditory abili- 
ty. Repeatedly, even in times of “remission,” 
dietary sodium indiscretion is betrayed by prompt 
reexacerbation of symptoms. Continued, persistent 
application of this regimen in an effort to control 
endolymphatic hydrops may well alter the “inex- 
orable progression” attributed to this disorder when 
it is considered in terms of long-term effects. The 
concepts of early diagnosis and prompt therapeutic 
attack cannot, therefore, be overemphasized. 
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Despite the vast amount of literature which eon- 
tinues to document the successful management of 
Meniere’s disease, there still exists a philosephy of 
therapeutic nihilism. Patients continue to be old 
that they have Menieére’s disease, an incurable eon- 
dition that will eventually “burn itself out.” The 
outcome of this clinical analysis of medical therapy, 
as well as the surgical success which we have previ- 
ously documented,”** directly refutes this phibso- 
phy of therapeutic impotence. When the mecical 
management outlined is aggressively relatec to 
surgical formats a very reasonable and effective 
protocol emerges. 


With this information in hand, the patient can be 
given a very realistic picture of what is expected of 
him and of what he can reasonably anticipate as far 
as the result is concerned. Curative therapy is the 
mandate of the future. Nonetheless, medical con- 


cepts when appropriately related to the advantages 
of surgery provide the patient with Meniére’s dis- 
ease with considerable symptomatic relief, preserv- 
ing, while occasionally improving, auditory func- 
tion ia the process. 


SUMMARY 


The purpose of this communication has been to 
outline the efficacy of medical management of 
Meniere’s disease and to aggressively relate this to 
surgical protocols. Diuretic and salt restriction 
therapy is effective and is exhibited in an analysis of 
a large series of patients with Meniére’s disease 
followed through the Otology Group. Analysis of 
results and treatment guidelines are formulated. 
Relief from vertigo as well as the auditory symp- 
toms of this disorder are viewed with equal impor- 
tance when evaluating therapeutic success. 
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Biochemical stwdies of middle ear effusions have demonstrated generally higher levels of certain hydrolytic and oxidative enzymes in 
mucoid fluids when 2ompared to serous. We have extended these studies by analyzing middle ear effusions for the content of a large num- 
ber of lysosomal hycro_ases. The mean specific activity for a-glucosidase in mucoid fluids was found to be ten times that for serous fluids 
while a-mannosida=, $-glucuronidase, hexosaminidase, acid phosphatase, 8-galactosidase, alkaline phosphatase, and lactate dehydro- 
genase were found t- be three to five times greater in mucoid than serous effusions. In this study the specific enzyme activities for lysosomal 
hydrolases from puralent effusions were found to be intermediate between the activities in serous and mucoid effusions. No significant cor- 
relation was found between the specific activities of lysosomal hydrolases and the presence or absence of bacteria in mucoid or serous mid- 
dle ear effusions. T= hexosaminidase isozyme distribution was found to be identical for serous and mucoid fluids and similar to that found 
in human serum. However, the isozyme pattern of 8-glucuronidase in mucoid effusions was significantly different than that in normal 
human serum as m -ccid fluids contain a large amount of an anionic isoenzyme of -glucuronidase that is barely detectable in human 


serum. 


INTRODUCTION 


Persistent miedle ear effusions (MEE) are one of 
the characteris ics of otitis media with effusion 
(OME) and these have been many studies attempt- 
ing to learn mere about the etiology and patho- 
physiological properties of these fluids. Obstruction 
of the eustachian tube is the most often cited cause 
of effusions.’ It has also been suggested that both 
serous and muceic MEE represent pure transudates 
of plasma.’ Bott types of fluids have been shown to 
contain inflammatory cells, polymorphonuclear 
leukocytes, ma:zrophages, lymphocytes, and cell 
debris.’ 


Fluid accumulations could also result from 
morphological end functional changes in the mid- 
dle ear mucosa induced by bacteria since various 
microorganisms have been identified as possible 
pathogens in eet effusions.*5 Analysis of the bio- 
chemical prope-ties and nature of the components 
of MEE from patients with OME has been used to 
gain insight inte the origin and mechanism of for- 
mation of these fluids. Based on measurements of 
total protein, alkaline phosphatase, aspartate 
amino transferase, and lysosomal acid phosphatase 
in middle ear ef-usions, Lupovich and Harkins‘ sug- 
gested that such fluids arise as secretions of the mid- 
dle ear mucosa i. an inflammatory response. 


Juhn and coworkers studied the levels of certain 
oxidative and iydrolytic enzymes in serum and 
MEE from serus otitis media’ and found con- 
sistently higher values in the effusions. These in- 
vestigators sugg=sted that the enzymes contained in 
MEE arise from three sources: 1) enzymes normally 
present in blood, 2) release from inflamed middle 


ear mucosa, and 3) release from inflammatory cells 
present in effusions. Juhn and Huff’ extended these 
studies on the enzymes present in MEE to include 
fluids classified as mucoid MEE in order to examine 
biochemical differences between several effusion 
types. In general, mucoid MEE were reported to 
have higher activities than serous fluids when ex- 
pressed as activity per unit volume. When specific 
activities were expressed (U/mg protein), several of 
the hydrolytic enzymes were essentially the same in 
both fluid types. Bernstein et al, in a study of the 
lysosomal enzyme hexosaminidase, concluded that 
lysosomal enzymes in MEE derive from cells and 
not from plasma.’ 


We also analyzed the content of acid lysosomal 
hydrolases in MEE using fluorogenic substrates that 
permit microassay of 8-galactosidase, acid phos- 
phatase, a-mannosidase, 6-glucuronidase, hexosa- 
minidase, 6-glucosidase, and a-glucosidase. This 
further characterization of the biochemical nature 
of MEE was undertaken to compare the enzymatic 
composition of the three major classifications of 
MEE (serous, mucoid, and purulent) and to evalu- 
ate the influence of the presence of microorganisms 
on the enzyme content of these effusions. 


METHODS 


Alpha-D-glucopyranoside, §-D-galactopyranoside, a-D- 
mannopyranoside, 8-D-glucuronide, and N-acetyl-8-D- 
glucosaminide derivatives of 4-methylumbelliferone were ob- 
tained from Pierce Chemical Company and 4-methylumbellifery] 
phosphate from Sigma Chemical Company. 


Subjects. The subjects for this study were patients receiving a 
myringotomy for the treatment of recurrent or chronic OME. 
Since the effusion obtained from each ear in a single patient can 
have very different properties, each ear was treated as a separate 
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TABLE 1. DISTRIBUTION OF SPECIMENS BY EATIENT, Ian Exchange Chromatography. Columns (0.5 x 5.0 cm) of 
y 
AGE, AND SEX DEAE Sephadex® were prepared by equilibrating the resin in 
Fluid Say Age 0.01 M phosphate buffer, pH 6.0. 
Classification Male Female 0-23 mo 2-6 æ 7-16 yr Samples of MEE were diluted one fourth with the same phos- 
phate buffer and 1.0 ml of the diluted sample was applied to the 
merous Á ‘ : p j column. The column was washed with 10 ml of equilibrating buf- 
Mucoid 15 16 3 23 5 fer amd then a 40 ml linear 0-0.5 M NaCl gradient was applied. 
Purulent ] 3 1 3 — The eolumn was finally washed with 5 ml of phosphate buffer 


containing 1 M NaCl. Fractions of 1 ml were collected and as- 


: i : ' sayed for various enzymatic activities. 
specimen. Table 1 provides a summary of specimens tained ac- i f 


cording to age and sex of the patient. A total of 51 spec mems were 


analyzed. RESULTS 
Middle Ear Effusions. After swab of the external ear eanal was | ; ’ 
taken for culture, the canal was washed with 70% :lcohol and The results of enzyme determinations on fluids 
the middle ear aspirated as described in detail by Ricing et al.‘ classified as serous or mucoid are presented in Table 
Effusions (0.5-1.0 ml) were obtained by aspiration nto | ml of 2. The mean specific activity for each enzyme with- 
sterile distilled water. At the time of aspiration, eaeh ear was in the group is presented along with the range of ac- 
visually classified into four groups: 1) dry - no effusion 2) serous - tivities observed. Fluids in which the protein con- 


pale, usually yellow liquid with low viscosity; 3) mucoid - thick, 
tenacious, usually gray liquid; and 4) purulent - thick. yellowish 
pus. No further consideration was given to those ears -lassified as 


centration after collection into distilled water was 
less than 0.3 mg/ml were eliminated from the study 


dry, but all MEE results are grouped according to thee classifica- because of the decreased accuracy of protein and 
tions. Aliquots were removed for microbiological stud=s, then the enzyme determinations. It can be seen that in every 
diluted fluids were centrifuged to remove cells and particulates. casethe mean enzyme activity is higher in the fluids 


The supernatent was used without further preparaton for the 


¥avious assays to be described. classified as mucoid. For a-mannosidase, ß-glu- 


curonidase, and hexosaminidase the difference be- 


Enzyme Assays. All assays were carried out at 37 C and unless tween the group means is statistically significant at 


otherwise specified contained the following constituer=sain a final 


volume of 0.1 ml:0.2 M sodium acetate buffer adjusted to the the level of P < 0.001. The mean activities of these 
specified pH, 1-20 yl of ear fluid, and one of th following enzymes in mucoid effusions is four to five-fold 
substrates at the final concentration indicated: a-mmannosidase, elevated compared to the serous effusions. For 
4-methylumbelliferyl-a-D-mannopyranoside (1.5 mN, pH 5.0), E 7 i i mi 
acid phosphatase, 4-methylumbelliferyl phosphate (mM, pH p a ines 7 "i - ie ER si a 
5.0), 6-glucuronidase, 4-methylumbelliferyl-8-D-glucironic acid ence is signiricant a © teve i ae f an € 
(10 mM, pH 4.8), alkaline phosphatase, 4-methylumbellifery! mean values for the enzyme activities from the mu- 
phosphate (1.5 mM, pH 9.2), a-glucosidase, 4-metaylumbelli- coid fluids range from three to five times higher 
feryl-a-D-glucopyranoside (1.5 mM, pH 5.0), 6-ga@aectosidase, than the values for serous fluids. For a-glucosidase 
4-methylumbelliferyl-6-D-galactopyranoside (5.0 mN , pH 4.0). and alkaline phosphatase the difference between 

Hexosaminidase was measured using 4-methylumbelliferyl-N- the mean activities for the two groups is significant 
acetyl-8-D-glucosaminide (5 mM in 0.08 M citrateghesphate at the level of P < 0.05. The most striking elevation 


buffer, pH 4.4 containing 10 mg bovine serum albumin per 100 


ml of buffer). 6-glucosidase was determined under conditions is observed with a-glucosidase where there is found 


specific for glucocerebrosidase’ using 4-methylumbeEifervl-G-D- an ll-fold elevation of the mucoid mean value 
glucopyranoside (1.5 mM in presence of 0.06% sodium ‘aurocho- when compared to the value obtained for the serous 
late). All fluorometric assays were terminated by thedd tion of effusions. The difference between the mean values 


0.1 M ammonium hydroxide-glycine buffer, pH 10.5 The extent 


of Hydrolysis was determined az-deserilied previous for lactate dehydrogenase was significant only at 


the ? < 0.1 level, although there was approximate- 


Lactate dehydrogenase was measured spectrophotometrically ly 2 five-fold elevation. The values for alkaline 


by the method of Wroblewski and LaDue.'' The uni of enzyme 


activity used for these studies is defined as nmoles ef product phosphatase and lactate dehydrogenase can be com- 
formed per hour. pared to those reported by Juhn and Huff? who 

Protein Determination. Protein was estimated by he method found from one to three-fold elevation of these en- 
of Lowry et al'? using bovine serum albumin as standard. zymes in mucoid effusions. Table 3 presents the re- 


TABLE 2. ENZYME LEVELS IN MUCOID MICDLE EAR EFFUSION COMPARED TO SEROUS MIDDLE EAR EFFUSION 





Lactate 
Specimen B- Acid a- B- Qq- Alkaline Dehydrogenase 
Classification Galactosidase* Phosphatase Mannos dase Glucuronidase 4exosaminidase Glucosidase Phosphatase x10? 
Mucoid 
Mean 2.3 30t 194.0 31t 9.0 «Lt 27.0 3l1t 227.0 3lf 6.8 15ł 50.0 16t 3.4 12t 
Range 0.26-13 14.0-730 1.3-=3 1.1-122 22.0-650 0.68-17 6.8-123 0.32-12 
Serous 
Mean 0.42 14f 63.0 16t 22 & 5.2 16t 52.0 16t 0.63 Ti 18.0 7T 0.71 4f 
Range CLI 11.0-345 0-1» 0-15 1.1-150 0-2.3 0.47-47 0.34-1.3 
Student’s 
t-test P<0.01 P<0.01 P<0.*01 P<0.001 P<0.001 P<0.05 P<0.05 Pr<Q,1 


*Enzyme activity U/mg protein. 
tIndicates the number of samples. 
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TABLE 3. ENZYME ACTIVITY IN PURULENT MIDDLE EAR EFFUSION 





. -Galactosidase Acid Phosphatase a-Mannosidase 6-Glucuronidase Hexosaminidase 


Mean 0.81 4* 
0.21-1.6 


*Indicates the num -er of samples. 


79 4° 


Range 48-121 


sults obtained wth fluids classified as purulent at 
the time of aspiretion. When the mean values found 
in Tables 2 and 3 are compared, in every case, ac- 
tivity of enzyme: found in purulent effusions is in- 
termediate betwen that found in serous or mucoid 
effusions. The di ference in means between the ser- 
ous and purulen fluids is significant (P < .05) for 
a-mannosidase, 3-glucuronidase, and hexosamini- 
dase, but not fcr -galactosidase and acid phos- 
phatase. When comparing the purulent effusions to 
the mucoid, the cifferences in mean activity are sig- 
nificant (P < .(5) for 8-galactosidase, acid phos- 
phatase, and a-nannosidase, but not for @-glu- 
curonidase and hexosaminidase. 


The enzyme activities from serous and mucoid ef- 
fusions were examined further on the basis of the 
microbiological indings. Middle ear effusion was 
considered to be eu_ture-positive when the organism 
identified was nct the same as that identified from 
the external canal. Most middle ear fluids showed 
no growth of miroorganisms after ten days of in- 
cubation in brota, even when significant bacterial 
contamination was found in the external ear. The 
organisms identifed from the culture-positive fluids 
were micrococci Moraxella species, Staphylococ- 
cus, coagulation 1egative, and Hemophilus influen- 
zae, untypable. Table 4 presents the results of this 
analysis. Mean eazyme activities are shown togeth- 
er with the staadard deviation for each group. 
There seems to be essentially no difference between 
the enzyme activities of the culture-positive effu- 
sions and the cuEure-negative effusions. 


Ion Exchange Chromatography of Ear Fluids. 
Most tissues and dody fluids including serum, tears, 


4.5 4* 18 4* 
3.4-6.0 13-23 


146 4* 
98-185 


and CSF contain two prominent hexosaminidase is- 
oenzymes, designated hexosaminidases A and B." 
Since all ear fluids exhibited significant amounts of 
hexosaminidase activity, we were interested in ex- 
amining the isoenzyme distribution. Aliquots of ear 
fluids were subjected to chromatography on col- 
umns containing DEAE Sephadex under conditions 
of pH and ionic strength which resolve hexosamini- 
dase A and B. The results of a typical study are 
presented in Figure 1. A peak of hexosaminidase ac- 
tivity was eluted first from DEAE Sephadex in the 
buffer wash followed by the elution of a second 
peak of hexosaminidase activity at approximately 
0.3 M NaCl. The recovery of hexosaminidase activi- 
ty from the ion-exchange column was always great- 
er than 90% . The temperature stabilities of the hex- 
osaminidase fractions were determined by incu- 
bating enzyme in the presence of citrate-phosphate 
buffer containing bovine serum albumin at 50 C for 
periods of 15, 30, and 60 minutes. The fraction 
eluting in the buffer wash retained greater than 
90% of its enzymatic activity under these condi- 
tions, thus confirming its identity as hexosaminidase 
B.'° The fraction eluting at approximately 0.1 M 
NaCl retained less than 10% of its initial activity 
after 60 minutes, and thus its identity was con- 
firmed as hexosaminidase A. +° 


The results presented in Figure 1 suggest that the 
hexosaminidase isoenzymes from MEE have elution 
properties similar to those found for these enzymes 
in human serum, and that there are no significant 
charge differences between enzymes from mucoid 
or serous effusions. The ratio of the A component to 
the B component in both serous and mucoid cases 


TABLE 4. ENZYME LEVELS IN CULTURE POSITIVE SEROUS OR MUCOID MIDDLE EAR EFFUSIONS COMPARED TO 
CULTURE NEGATIVE EFFUSIONS 


Specimen Acid 


Total Alkaline 


b- a- B- a- 
Classification Gelactosidase Phosphatase Mannosidase Glucuronidase Hexosaminidase  Glucosidase Phosphatase 


Mucoid, Culture 
positive 
Mean 2.5*74+2.6 7T 


Mucoid, Culture- 
negative 


206+197 7ł 


Mean 1.441.2 14f 2144212 14f 8.2+7.0 14f 


Serous, Culture- 
positive 


Value 0.79+0.13 2f 3245 27 


Serous, Culture- 
negative 
Mean 0.5+0.6 9f 734105 llt 
*Values are expresed as the mean + the standard deviation. 
tIndicates the nun—er of samples. 
ND - Not determir=d. 


7.743.3 7] 


2.640.2 2f 


2.0428 llt 


27+19 7f 168+114 7f} 4.942.3 5f 70437 4f 
24419 14f 2124114 14f 4.746.2 6t 43442 6t 
5.441.3 27 35+6 27 ND ND 
4645.8 llf 49245 llf ND ND 
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Fig. 1. DEAE Sephadex separ esky of middle ear 
fluid. Hexosaminidase activity of column fractions from 
mucoid (O-O) and serous (@-@) fluids. Conditions of 
chromatography and assay are as described in text. Elution 
of the column with a linear salt gradient was begun at the 
point indicated by the arrow. 


ranged from 3.0 to 4.0. These are values similar to 
that found in normal serum." 


These same column fractions were assayed for 
8-glucuronidase activity and the results of a typical 
experiment are shown in Figure 2. It can be seen 
that the conditions of chromatography separated 
two isozymes of 6-glucuronidase in mucoid fluid: 
one peak appears in the initial buffer wash and a 
second peak of activity elutes at approximately 0.1 
M NaCl. Results are shown only for an ear fluid 
classified as mucoid since the lower level of 6-glu- 
curonidase activity could not be detected in the 
DEAE fractions obtained after chromatography of 
serous ear fluids. The results of DEAE chromatog- 
raphy of a normal serum are also shown in Figure 2. 
The fraction of activity eluting in the gradient is on- 
ly a small fraction of the total activity; however, in 
each case only two peaks of activity are ebserved 
and there are no unique peaks found in the MEE. 
Heat stability studies, conducted in a similar man- 
ner as those for hexosaminidase, resulted in the loss 
of all 6-glucuronidase activity within 15 minutes. 


Column fractions were also assayed for acid phos- 
phatase, 6-galactosidase, and a-mannosidase ac- 
tivities, but under these conditions of ion-exchange 
chromatography, which were designed for max- 
imum separation of hexosaminidase A and B, no 
satisfactory resolution of isoenzymes was obtained. 


Enzyme Properties. It was of interest to compare 
the properties of the hexosaminidase ane #-glu- 
curonidase isoenzymes obtained from micdle ear 
fluids, particularly with respect to the pH optimum 
and dependence of the reaction velocity on 
substrate concentration. 
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ACTIVITY U/ml (FLUID) o—o 
ACTIVITY U/ml (SERUM) 4-——« 


TUBE NUMBER 


Fig. 2. DEAE Sephadex chromatography of MEE and 
human serum. 6-Clusuronidise activity of column frac- 
tions from mucoid MEE (O-O) and normal human serum 
(A-A-A). Conditions of chromatography and assay are 
described in the text. 


Appropriate DEAE Sephadex column fractions 
were combined for these studies. The initial velocity 
of the enzyme catalyzed reaction was studied as a 
function of substrate concentration between 0.67-5 
mM for hexosaminidase and between 2-10 mM for 
glucuronidase. Values of the Michaelis constant 
(Km) were estimated from the intercepts of double 
reciprocal plots of velocity vs substrate concentra- 
tion. The Km obtained for hexosaminidase A was 
3.4 mM and that for hexosaminidase B was 2.5 mM, 
while the Km obtained for 8-glucuronidase was 2.6 
mM. These values are comparable to those obtained 
for these enzymes from other sources and show no 
difference between enzyme obtained from serous or 
mucoid ear fluids. The Km values determined for 
both 6-glucuronidase isoenzymes obtained from a 
particular MEE were indistinguishable. 


The effect of buffer on the enzyme activity was 
studied from pH 3.0 to pH 5.5 for hexosaminidase 
and from pH 4.0 to 6.0 for B-glucuronidase. The pH 
optima was found to be at pH 4.4 for both hex- 
osaminidase A and B. These values are comparable 
to these reported by others for these enzymes from 
other sources including serum, and again, no dif- 
ferences were observed between the hexosamini- 
dases obtained from serous or mucoid ear fluids. 
Similarly, both isoenzymes of 6-glucuronidase ex- 
hib ted broad pH optima between pH 4-5. 


DISCUSSION 


A previous study of various oxidative and hydro- 
lytic enzymes present in both serous and mucoid 
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MEE® found mcderately higher levels in mucoid 
than in serous &fusions. The ratio of mucoid to 
serous activity of the lysosomal enzymes, acid 
phosphatase, anc lvsozyme were found to be 1.6 to 
1.2 respectively. We have extended those studies to 
include a large namber of lysosomal hydrolases and 
find that for all ef the measured enzyme activities, 
mucoid effusions show a much greater specific ac- 
tivity than serous effusions. We find the ratio of 
mucoid to serous activities vary from 3 to 11, depen- 
ding on the partcular enzyme. The differences of 
enzyme specific activity between serous and mucoid 
effusions observed in the current study cannot be at- 
tributed to merely lower protein in the mucoid effu- 
sions accompanied by constant hydrolase activity. 
The protein concentrations of mucoid MEE were 
frequently greater than that of serous effusions and 
thus the differences in enzyme activity would be 
even greater if expressed on a volume basis. The 
present work was undertaken, in part, to determine 
if the measurement of lysosomal hydrolase activity 
could be helpfu in determining the presence of 
bacterial infecticn in the middle ear. Although the 
specific activities of hydrolases are markedly 
elevated in mucoid MEE, this higher enzymatic ac- 
tivity cannot be attributed to the presence of 
bacteria since we were unable to detect any dif- 
ference in enzyme levels between fluids from which 
we were unable to grow bacteria and those which 
contained microcrganisms. The same observation is 
true for serous effusions; we were unable to detect 
significant differences between mean activities from 
culture positive and culture negative effusions. 
Riding et al, in a study of the microbiology of recur- 
rent and chronic OME,’ found that 43.8% of the 
mucoid effusions and 42.4% of the serous effusions 
were culture pocitive. In the current study, only 
33% of the mucaid effusions and 18% of the serous 
effusions tested were culture positive. 


Since the spec fic activities of all the lysosomal 
hydrolases measured were significantly different in 
mucoid and serous MEE, it was of interest to deter- 
mine the distribation of isozymes. The pattern of 
isozyme distribution for hexosaminidase is identical 
for the two fluid “ypes and is similar to that found in 


human serum. Both hexosaminidase A and B exhibit 
the same properties of pH optima and substrate 
binding as is found in those isozymes from other 
tissues. 


We were unable to measure the isozyme pattern 
for 8-glucuronidase in serous fluids since the level of 
enzyme was not high enough to be accurately deter- 
mined after the dilution which occurs during 
chromatography. The isozyme pattern obtained 
from mucoid effusions is different than that found 
in normal human serum, a finding similar to the 
observations of others*:'*-'’ for the isozyme pattern 
of lactate dehydrogenase. In the MEE 17% of the 
total B-glucuronidase activity recovered is found in 
the first peak and 83% in the second peak. In nor- 
mal human serum 93% of the total activity is found 
in the first peak and almost negligible activity in the 
second. Thus, the distribution of isozymes is very 
different in the mucoid MEE than in normal serum. 
This finding suggests that enzymes are probably 
released from the inflamed middle ear mucosa and 
that mucoid MEE is not simply a transudate of 
plasma. The specific cells which may serve as the 
source of the released enzyme remain unidentified. 
Knowledge of the lysosomal enzyme content of 
MEE is essential if we are to explore the origin of 
the constituents of these fluids. Is it possible that the 
elevated content of lysosomal hydrolases could con- 
tribute to the tissue destruction which often occurs 
in untreated cases of otitis media? 8-Glucuronidase, 
for example, is involved in the hydrolysis of acid 
mucopolysaccharides found in cellular ground sub- 
stance and could be acting on the tissues of the mid- 
dle ear. This hypothesis could be tested in an animal 
model by inserting purified -glucuronidase into 
the inner ear of an experimental animal under con- 
ditions known to produce MEE. 


It is interesting that for every enzyme determined 
the mean activity in purulent effusions was in- 
termediate between that for serous and mucoid ef- 
fusions. Could these effusions represent an in- 
termediate or transition state between serous and 
mucoid effusions? Further studies are in progress to 
attempt to answer these and other questions. 
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Eye and head nystagmus during horizontal optokinetic stimulation was analyzed in squirrel monkeys. Slow phase speed of coupled 
head and eye nystagmus showed highly significant negative correlations in normal subjects; correlation coefficients were — 0.81 at 60°/sec 
and —0.72 at 100°/sec stimuli. Bilateral lateral semicircular canal block resulted in a reduction of the negative correlation. The 
postoperative reduction of the correlation coefficient value ranged from 0.17-0.28 (significant at P<0.01 level) at 60°/sec stimulus and 
0.06-0.13 (not significant) at 100°/sec stimulus. Gaze speed was calculated by summing slow phase speeds of coupled head and eye 
nystagmus. Mean error of gaze in normal subjects was 1.5% at 60°/sec stimulus and 7.8% at 100°/sec stimulus. Mean gaze speed showed 
an overshoot (8% at 60°/sec stimulus and 6.5% at 100°/sec stimulus) in the three to four weeks postoperative period; however, this sub- 
sided two to three months after the operation. Measurement of head-turning performance (in yaw plane) in humans may provide a 
clinically useful index for the assessment of certain types of vestibular function. 


INTRODUCTION 


It has been known that the retinal image during 
head turning is stabilized basically by way of the 
vestibular compensatory reflex in rhesus mon- 
keys.'? Two different stimuli were used in these 
studies for visual stimuli to command gaze shift, ie, 
the presentation of stationary or smoothly moving 
visual targets. We have used optokinetic stimula- 
tion (OKS) to induce eye and head movements in 
squirrel monkeys.* In the previous study, many 
squirrel monkeys showed head nystagmus of large 
amplitude during OKS. Slow phase speed of coup- 
led head and eye nystagmus showed a highly signifi- 
cant negative correlation, ie, when head speeds in- 
creased, eve speeds decreased and vice versa. In this 
study, the bilateral lateral semicircular canals were 
surgically blocked and the effects upon gaze control 
were examined during a three-month postoperative 
period. The results show that a significant change 
induced by this sort of vestibular deficiency is in 
head-turning speed. The results may warrant fur- 
ther investigation as to whether the measurement of 
head-turning performance during a visuomotor task 
in humans provide clinically useful information. 


METHODS 


The experiments were conducted on three squirrel monkeys 
(Saimiri sciureus) weighing between 600-750 gm. Head move- 
ment in the yaw plane was recorded using a lightweight poten- 
tiometer which registered a voltage dependent on head position. 
Head was restricted to minimize the roll and pitch movements. 
When the monkey’s head was restricted in the pitch plane, care 
was taken to leave the head as close as possible to the natural posi- 
tion. Subsequently, the plane of lateral semicircular canal was 
pitched up about 20-40° to the plane of head turning. Eye 


movements were recorded using the platinum needle electrodes 
inserted into lateral canthi, ie, ENG. Slow phase speeds of head 
and eye nystagmus were measured manually from the recordings 
on an oscillographic paper. 


Optokinetic stimulus speed of 60° /sec and 100° /sec were chosen 
in this series of experiments. Subjects were injected with am- 
phetamine sulfate (0.5 mg/kg) 15 minutes prior to recording, to 
keep the alertness level constant. 


After at least two preoperative data acquisitions, bilateral 
lateral semicircular canals were blocked by bone chips in a one- 
stage operation. The canal plugging was placed a distance away 
from the crista ampullaris lateralis. Two weeks of rest period was 
allowed after the operation. The blockage was expected to be 
more tightly established in the osseous canal during this period. 
Recording (twice per week) was continued over three months 
after the operation. The monkeys were subsequently sacrificed by 
transcardiac perfusion under overdose of Nembutal® anesthesia. 
All temporal bones were prepared for microscopic examination. 


RESULTS 


Morphology. Microscopic evaluation of all tem- 
poral bones proved that the lateral semicircular 
canal pluggings by bone were properly done. The 
lateral semicircular canal crista appeared normal in 
all cases. There was a minimal amount of the 
eosinophilic precipitate around the plugging site. 


Functional Assessment of Canal Plugging. Squir- 
rel monkeys were tested by vestibular stimulation, 
ie, 60°/sec and 100°/sec velocity step stimuli in the 
dark, in a fixed-head condition before and after the 
semicircular canal plugging. The plane of head ro- 
tation was simulated with that of active head-turn- 
ing during OKS. Slow phase speed of eye nystagmus 
was maximum within five seconds after the onset of 
stimulus and then gradually declined until the nys- 
tagmus disappeared. Preoperatively, averaged 
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EYE-HEAD CC@ORDINATION IN MONKEYS 


TABLE 1. 60°/SEC STIMULUS* 
Preop Postop-I Posto» Il 


Head speed (°/sec) 28.9411.8 21.149.3 18.3+%.1 
Eye speed (°/sec) 30.2+ 9.4 43.749.5 3994.1 
Gaze speed (°/sec) 09.1+ 68 64.849.2 58234°.7 
Mean error of gaze 

(°/sec) —0.9 +4.8 —18& 
No. of sample 119 139 145 


“Mean and SD of slow phase head, eye, and gaze speeds imduced by 
60°/sec OKS before and after lateral semicircular canal block eperation. 
Postoperative data were collected at three to four weeks (postop- 1) aac. two 
to three months (postop-II). 


maximum slow phase eye speed was 41.3 +5.9° sec 
(mean+SD, N=24) at 60°/sec stimulus, and 
61.7 + 11.7°/sec at 100°/sec stimulus under amphet- 
amine sulfate administration. Time constart of 
these decay curves (time required that slow phase 
eye speed reduced 63% of the maximum values) 
was 24.2 seconds at 60°/sec stimulus and 27.4 <ec- 
onds at 100°/sec stimulus. After the operatior. no 
response to rotation was found at either 60°’see or 
100°/sec stimuli without amphetamine injec-bn. 
However, after amphetamine administratiar a 
slight horizontal component of ocular nystagmus 
was detected; the maximum slow phase eye sp2ed 
corresponded to 17.9% of preoperative value at 
60°/sec stimulus and 18.8% of that at 100° sec 
stimulus. The time constant decreased to 21.1% 
and 18.2% of preoperative levels, respectively. 
Therefore, the overall postoperative reduction of 
the horizontal vestibular compensatory reflex was 
estimated to be 79-82%. 


Spontaneous Nystagmus. Postoperatively, no 
spontaneous nystagmus was found in the darb in 
any of the monkeys without amphetamine, but two 
of three monkeys showed spontaneous nystagmus 
after amphetamine administration. Spontan=5us 
nystagmus did not appear consistently in these 
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monkeys; however, it became apparent usually 
after first exposure to OKS or vestibular stimulation 
when it occurred. Minor postoperative irritation 
may have existed in the vestibular labyrinth and 
probably may have caused slight functional im- 
balemce which was detectable only with am- 
phetamine administration. Data contaminated by 
spontaneous nystagmus were eliminated from sub- 
sequent analysis. 


Eye and Head Coordination. When squirrel 
monkeys were exposed to OKS in a free head condi- 
tion, two sorts of head movements, ie, anticompen- 
satory head deviation and head nystagmus, could 
be observed. Some characteristics of such head 
deviation have been already described in a previous 


paper.° 


60°/sec OKS. Table 1 shows mean and standard 
deviations of slow phase head, eye, and gaze speed 
at 60°/sec OKS before and after lateral semicircular 
canal block. The gaze speed was calculated by sum- 
ming the slow phase speed of coupled head and eye 
nystagmus. An overshoot of mean gaze speed is seen 
at the three to four weeks postoperative period, ie, 
64.8°/sec in the column of postop-I. However, gaze 
speeds are properly maintained two to three months 
after the operation, ie, 58.2°/sec in the column of 
postop-II. Therefore, the data were pooled in the 
two to three months postoperative period. Mean er- 
ror of gaze is only —0.9°/sec which corresponds to 
1.5% of stimulus speed preoperatively. However, it 
becomes greater at postop-I period, ie, + 4.8°/sec, 
8%; and then it is improved at postop-II period, ie, 
—1.8°/sec, 3%. 


Slow phase speeds of coupled head and eye nys- 
tagmus which are shown in Table 1 are plotted in 
Figure 1. Preoperative data (Fig. 1A) show a highly 
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Fig. 1. Abscissa and ordinate represent slow phas speed of head end eye nystagmus, respectively. Each dot represents 


slow phase speed of coupled head and eye n 
cular canal block operation. Data in this 


sstagmus Induced by 60° /sec stimulus, A) before, and B, C) after lateral semicir- 
igure are dentical with those in Table 1. Dashed and solid lines indicate ex- 


pon menia, and — 1.0 regression lines, respectively. Pestoperative reduction of negative coefficient value was significant at 
th postop-I and -II periods (Fisher’s test, < 0.01). Negative correlations between head and eye speeds in A, B, and C were 


significant (P<0.01). 
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TABLE 2. 100°/SEC STIMULUS* 
Preop Postop-I Postop-II 


Head speed (°/sec) 31.3414.8 33.9415.7 24.4411.3 
Eye speed (°/sec) ; 60.9415.6 72.6412.8 69.94 14.2 
Gaze speed (°/sec) 92.2+11.4 106.5413.6 94.4+ 12.3 
Mean error of gaze 

(°/sec) —7.8 + 6.5 —5.6 
No. of sample 131 188 161 


*Explanations are the same as for Table 1, but obtained by 100°/sec 
stimulus. Note that mean error of gaze speed at preoperative period 
(7.8%) is larger than that during 60°/sec stimulus. 


significant negative correlation between head and 
eye speeds: — 0.81 (N= 119), P<0.01. Figure 1B,.C 
shows the data collected at postop-I and -II periods, 
respectively. Although the negative correlation be- 
tween head and eye speed was still significant in 
both postop-I and -II periods (P<0.01), the coeffi- 
cient value significantly decreased after the opera- 
tion (Fisher’s test, <0.01).5 


100°/sec OKS. Table 2 shows the data obtained 
by 100°/sec OKS before and after lateral semicir- 
cular canal block. Mean error of gaze at preopera- 
tive period is larger at 100°/sec OKS than at 60°/sec 
OKS: 7.8% vs 1.5% of the stimulus speed, respec- 
tively. Since 100°/sec stimulus speed is the one 
where the gaze speed starts to lag behind the stim- 
ulus speed in squirrel monkeys, greater error of gaze 
speed is not an unexpected result. Gaze overshoot 
occurs at postop-I period by 100°/sec OKS as well. 
Later, the overshoot subsides; however, mean gaze 
speed is slightly higher than the preoperative level. 


Slow phase speeds of coupled head and eye nys- 
tagmus which are induced by 100°/sec OKS are 
plotted in Figure 2. If negative correlation coeffi- 
cients seen in normal subjects are compared be- 
tween 60°/sec OKS and 100°/sec OKS, the value is 
lower at 100°/sec OKS than that at 60°/sec stim- 
ulus. It may be reasonable to consider that the coor- 
dination between eye and head movements de- 


A PREOP B 


r=-0.72 
(n= 131) 


100) . 


(eN @ 
O (e) 


EYE SPEED (Ysec) 


> 
Oo 


20 





0 20 





40 


KUBO ET AL 


creases at the speed which corresponds to the upper 
limit of visual-oculomotor reflex induced by OKS in 
squirrel monkeys. A statistical test (Fisher’s test) 
showed that postoperative reduction of the coeffi- 
cient value was not significant at either postop-I or 
-II periods. Failure in showing significant dif- 
ference between preoperative and postoperative 
periods may be due to rather low negative correla- 
tion between head and eye speeds at the 
preoperative period. 


DISCUSSION 


The vestibular nucleus is involved in producing 
optokinetic eye nystagmus and after-nystagmus.°’ 
A labyrinthine ablation causes reduction of slow 
phase speed of optokinetic eye nystagmus and 
abolishes after-nystagmus.** As the labyrinthec- 
tomy (or vestibular neurectomy) changes optoki- 
netic response itself, such ablative procedures are 
not proper strategies to study the role of vestibular 
compensatory reflex on eye-head coordination dur- 
ing OKS. In our recent study’® in squirrel monkeys, 
optokinetic nystagmus and after-nystagmus in yaw 
plane were not very much influenced by total mac- 
ular ablation. Thus, changes after total elimination 
of labyrinthine inputs should be more reflectory to 
the elimination of inputs from the cristae. Static im- 
pulse originating from the crista ampullaris should 
be maintained at the same level to preserve the ef- 
ficacy of OKS. Blockage of membranous semicircu- 
lar ducts did not alter static labyrinthine input to 
the vestibular nuclei; whereas, it effectively elim- 
inated the dynamic response of plugged semicircu- 
lar canal to angular acceleration in the cat and 
squirrel monkeys.*'''? Therefore, a semicircular 
canal block used in this study seems an appropriate 
approach in order to study the role of vestibular 
compensatory reflex. 


Blockage of the lateral semicircular canal was 
POSTOP-II 
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Fig. 2. Explanations are the same as for Fig. 1, but obtained by 100°/sec stimulus. Negative correlation coefficient at 
porer n period (— 0.72 in A) is smaller than that induced by 60°/sec stimulus (Fig. 1A). Postoperative reduction of coef- 
i 


cient value was not significant (P > 0.05). 
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properly performed in all ears as revealed by 
morphological examination. However, since the 
plane of head turning or table rotation was no- ex- 
actly parallel to that of the lateral semicircular 
canal, vertical semicircular canals were stimulated 
during head turning. Our functional assessmen- us- 
ing vestibular stimulation showed that the horizon- 
tal component of vestibular compensatory reflex 
was reduced to about 18-21% of the preoperetive 
level. A precise condition of eye movement et the 
postoperative period is not known, since only f ori- 
zontal ENG was recorded in the present experi- 
ment. Eye movements having vertical and horizon- 
tal components probably occurred during heac ro- 
tation. Even though the elimination of vestibulo- 
ocular reflex was incomplete, bilateral lateral semi- 
circular canal block induced an overshoot of #aze 
speed at the three to four weeks postoperative 
period. Later, gaze overshoot subsided. The nega- 
tive correlation coefficient value between head and 
eye speeds significantly declined after the overa- 
tion, and did not recover to the preoperative Evel 
over three months when 60°/sec OKS was usec. 


Dichgans et al' reported that the vestibular æm- 
pensatory reflex during active head turning re- 
covered up to 90% of the preoperative level a= one 
month after bilateral labyrinthectomy in resus 
monkeys. They discussed that this recovery was due 
to three processes: 1) enhancement of cervico-ecu- 
lar gain; 2) centrally originated ocular cem pen- 
satory reflex which developed after the operat on: 
and 3) recalibration of saccade and retina! eor. 
Since there are several differences between ther ex- 
periment and ours, the compensatory process we uld 
be different. First, the vestibular nuclei activ ty is 
maintained at normal levels after semicirealar 
canal block in this experiment. Second, the visal- 
oculomotor feedback system does not work ducing 
saccadic gaze performance, since the operatien time 


of this system is slow, ie, 70-80 msec; however, dur- 
ing the slow phase of optokinetic nystagmus this 
system probably contributed to correcting the reti- 
nal e-ror. Therefore, it is likely that the interrup- 
tion cf the vestibulo-ocular reflex causes less failure 
in the gaze adjustment in this experiment due to 
functoning visual-oculomotor feedback. Actually, 
gaze error (overshoot) occurring in the three to four 
weex postoperative period was not profound. It is 
suppcesed that the three compensatory processes sug- 
gested by Dichgans and others' account for the 
recovery of gaze speed during the two to three 
montas after the operation. 


Head movements that are executed during visu- 
omoter tasks should activate the intact vestibular 
systera so as to stabilize the retina in space, which 
should facilitate clearer vision. What happens to 
head novements if the vestibular input is deficient? 
If the vestibular input is completely abolished by 
bilate-al vestibulectomy in rhesus monkeys, the 
gain cf head movement in gaze during smooth pur- 
suit declines strikingly.? Our present study in squir- 
rel menkeys has shown that if the portion of vestib- 
ular iaput signalling head movement is diminished 
by canal block, the slow phase speed of head nystag- 
mus Guring optokinetic pursuit declines also. Given 
our premise, it is reasonable to consider that in- 
divideals who have deficient vestibular input re- 
duce Lead movements that are normally executed in 
a visuomotor task. This raises the question whether 
the measurement of eye and head movements in- 
ducec during various visuomotor tests would pro- 
vide useful clinical information in the assessment of 
vestibular function. Furthermore, since we have 
showr that the optokinetic gaze speed changes with 
time efter a canal block, repeated measurements of 
head and eye speeds during suitable visuomotor 
tasks may provide a measure of the functional com- 
pensa ion after a vestibular pathology or lesion. 
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EFFERENT INNERVATION OF THE COCHLEA 


JURGEN STRUTZ, MD 


FREIBURG, FEDERAL REPUBLIC OF GERMANY 


The origin of t-e efferent innervation of the cochlea was investigated in the guinea pigs. Horseradish peroxidase (HRP) was injected 
into the cochlea ane transported to the brainstem by retrograde axonal transport of the efferent fibers, showing the origin of the crossed 
and uncrossed olivCochlear bundles of Rasmussen. HRP-labeled neurons were found in various nuclei of the superior olivary complex 
bilaterally. Ipsilatezal to the injected cochlea there were three times more cells than on the contralateral side. About 40% of the total 
number of labeled aeurons, a remarkable quantity, occurred in the ipsilateral lateral superior olivary nucleus. Moreover, extraolivary 
origin of the efferert innervation of the cochlea could be demonstrated bilaterally in the ventral nucleus of the lateral lemniscus. 


The efferent nnervation of the cochlea was first 
described by iasmussen'? who discovered the 
crossed and ncrossed olivocochlear bundles 
(OCB). Churchill and Schuknecht’ differentiated 
these efferent fibers from the afferent by their con- 
tent of acetylcholinesterase (AchE). AchE-positive 
neurons in the saperior olivary complex (SOC) were 
assumed to be the cells of origin of the OCB.*° 
Warr’ substant ated in kittens the conformity of 
AchE-positive neurons and those labeled by 
retrograde axoaal-transported horseradish perox- 
idase (HRP) fron the cochlea to the SOC. He found 
the cells of origin of the crossed and uncrossed OCB 
restricted to the nuclei of the SOC bilaterally with 
more cells ipsdateral to the injection side. In 
another HRP sudy of the labyrinth, Gacek and 
Lyon® demonstrated the origin of the efferent 
vestibular neurons to be lateral to the abducens 
nuclei. Ross et al,? however, have doubts about 
Warr’s findings because of the use of young kittens, 
which do not have a mature auditory system. Ross 
et al? failed to duplicate Warr’s results’ using a 
modified HRP ®chnique in guinea pigs. They con- 
cluded that labyrinthine centrifugal fibers are 
parasympathic neurons. More recently, Warr and 
Guinan”? were ble to demonstrate the origin of the 
OCB by means of anterograde axonal transport of 
radiolabeled træers injected into the SOC. 


METHODS 


Twelve healthy gainea pigs ranging from 300 to 350 g were an- 
esthetized with pen barbital. After surgically opening the bulla 
tympanica, 0.3-0.5 „l of a 50% HRP solution in 1% poly-L- 
ornithine’! was in2cted unilaterally into the scala tympani 
through the round window, without any spillage into the middle 
ear. The animals were perfused 40-48 hours later with saline 
transcardially and hen fixed with a mixture of 1.5% glutar- 
aldehyde and 1% paraformaldehyde in 0.1 M phosphate buffer 
(pH 7.2). Frozen frontal sections of the brain were cut from the 
region of the cochlear nuclei to the superior colliculi and were 
treated for the dem-nstration of HRP according to the o-dianisi- 
dine’ or tetrameth lbenzidine (TMB) technique." The nomen- 
clature of Morest'* was used for the auditory nuclei of the SOC. 


RESULTS 


In all animals, we found cells in the SOC bilater- 
ally labeled by the granular reaction product of 
retrograde-transported HRP,'* and in ten animals 
in the ventral nucleus of the lateral lemniscus 
(VLL). In total, up to 500 neurons per animal were 
labeled. Generally, three times more neurons were 
labeled ipsilateral to the injected cochlea as the con- 
tralateral side. The ipsilateral cochlear nerve was 
labeled by anterograde-transported HRP entering 
the cochlear nucleus. No other structures exhibited 
HRP reaction product and no indication for HRP 
diffusion was found. 


In the SOC ipsilateral to the injected cochlea 
(Fig. 1B), a large number of labeled cells occurred 
in the dorsal hilus and on the surface or directly 
next to the periolivary region of the lateral superior 
olivary nucleus (LSO). This population of labeled 
cells (Fig. 2) was about 40% of the total number of 
labeled neurons. The ventral (VTB), medial (MTB) 
and lateral (LTB) nuclei of the trapezoid body ex- 
hibited considerably fewer HRP-labeled neurons. 
Only a few labeled cells were found in the dor- 
somedial periolivary nucleus (DMPO). We could 
not detect any labeled cells in the medial superior 
olivary nucleus (MSO). In the SOC contralateral to 
the injected cochlea, the VTB exhibited the highest 
number of labeled neurons (Fig. 2), where 15% of 
all labeled cells were found. In comparison to the 
VTB, a smaller number of cells were labeled at the 
dorsal hilus of the LSO, fewer in the MTB and 
DMPO, and only a few cells were stained in the 
LTB. As in the ipsilateral SOC, no labeled cells ap- 
peared in the MSO contralaterally. 


In ten specimens we also found HRP-labeled cells 
in the ventral nucleus of the lateral lemniscus 
(VLL, Fig. 1C), located ipsilaterally and contralat- 
erally to the injection site. Approximately 10% of 
the total number of labeled cells occurred in this 
nucleus. Most of these cells were located in the ven- 
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Fig. 1. Reconstructed drawings of transverse secti~ns «f 
the brainstem at three levels in a guinea ig, Each dc ref- 
resents one labeled cell. The cochlea of the left side was ir- 
jected with HRP. A) Most caudal findings at the le~el ef 
the cochlear nuclei. B) Section through the SOC. C See- 
tion through the midbrain at the level of the lateral len- 
niscus. DCN - Dorsal cochlear nucleus; DLL - L arszl 
nucleus of lateral lemniscus;s DMPO - Dorsoneedicl 
periolivary nucleus; LSO - Lateral superior oäwasy 
nucleus; LTB - Lateral nucleus of trapezoid body; MSO- 
Medial superior olivary nucleus; MTB - Medial nucl us ef 
trapezoid body; Nuc. VII - Facial nucleus; VCN - Ventral 
cochlear nucleus; VLL - Ventral nucleus of lateral len- 
niscus; VTB -Ventral nucleus of trapezoid body; V Tr- 
geminus; VII -Facialis. 


tral and caudal part of the VLL and no cells cecurred 
at the rostral border of this nucleus. Twice zs many 
neurons were labeled ipsilateral to the injec ior site 
as compared to the contralateral side (Fig. 3). 


DISCUSSION 


In contrast to Ross et al? we were able to 
demonstrate the retrograde transport of HRP from 
the cochlea to the SOC and the VLL in guinea pig. 
This animal is known to have a mature auditory 
systera and blood-brain barrier from birth. In gen- 
eral, our results were in agreement with Warr’s re- 
sults’ in the cat. Like Warr we found that the 
crossed OCB originates from neurons situated chief- 
ly in the LSO and the VTB. The uncrossed OCB 
originates mainly from neurons situated in the dor- 
sal hilus and on the surface of the LSO. Antero- 
grade degeneration studies have shown the DMPO 
and the VTB as sources of the crossed and uncrossed 
fibers of the OCB.'® Rasmussen? estimated that 
three fourths of the OCB arises from the contralat- 
eral SOC. Similar to Warr’ and Firbas” we found 
that there are many more neurons of the uncrossed 
OCB in the SOC than of the crossed component. 
Possibly the uncrossed component may be unmye- 
linated and therefore not sensitive to silver 
degeneration studies. In contrast, Rossi and Cortes- 
ina* saowed in an AchE study many more neurons 
of the crossed than of the uncrossed OCB. 


Furthermore, we found the origin of the efferent 
innervation of the cochlea bilaterally in the ventral 
nucleus of the lateral lemniscus.'® Warr, in his 
Figure 7H,’ described in one kitten two labeled 
neurons which he included in the VTB at the most 
rostral level of the SOC, although in his discussion 
he referred to these cells as occurring in the VLL. 
According to our findings, these cells lie in the 
VLL. Therefore, there are two separate systems of 
the efferent innervations of the cochlea: the crossed 
and uacrossed olivocochlear bundles and the crossed 
and uncrossed lemniscocochlear bundles. 


In eontrast to Ross et al,? we could not detect any 
indication for extracellular diffusion of HRP from 
the eochlea into the brainstem, neither into the 
region of the cochlear nuclei nor to the SOC or 
other regions. Anterograde transport of HRP was 
founc in the ipsilateral cochlear nerve and in the ip- 
silateral cochlear nuclei without any labeled 
neurons. Therefore we conclude that the neurons of 
the SOC and VLL, which contain granular HRP re- 
action product,’* are labeled by retrograde axonal 
transport from the cochlea. These neurons seem to 
be the origin of the crossed and uncrossed olivo- 
cochlear and lemniscocochlear bundles. We cannot, 
however, demonstrate the site of termination of 
these efferent fibers in the cochlea with the present 
method of HRP application because of the retro- 
grade axonal transport. 


Anterograde axonal transport of radiolabeled 
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Fig. 2. Transvrse section through the ipsilateral SOC. 
Cells in the hilussof LSO are labeled by retrograde axonal 
transport of HRP TMB reaction, neutral red counterstain) 


amino acids were used by Warr and Guinan’ to 
demonstrate the targets of the OCB in the organ of 
Corti: outer anc inner hair cells. They injected *°S 
methionine into the LSO, effecting grain accumula- 
tion under inner hair cells, predominantly to the ip- 
silateral cochlez, while injections into MTB and 





Fig. 3. Transverse section through the ipsilateral VLL, 
showing one HRP-labeled cell, giving off three dendrites. 
(TMB reaction, neutral red counterstain) 


DMPO effected grain accumulation under outer 
hair cells in the contralateral cochlea. Therefore, 
the existence of the efferent innervation of the 
cochlea could be demonstrated by use of modern 
neuroanatomical techniques with anterograde and 
retrograde axonal transported proteins. 
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SARCOIDOSIS AND FLUCTUATING HEARING LOSS 
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Neurological manifestations of sarcoidosis occur in € % ef affected patien +. Of the cranial nerves, the eighth nerve is the fourth most 
frequently involved. The central nervous system lesion i presumed to be a gr nulomatous meningitis that directly infiltrates the cranial 
nerves or causes them to be compressed from involvemen: of adjacent intracrarél structures. Sensorineural hearing loss and vertigo usually 
occur in concert with other neurological findings, but m= be the only presertiig complaint. Sarcoidosis is not generally recognized as a 
cause of fluctuating sensorineural hearing loss. The fluctuating quality of the he=ring loss has been noted by other investigators, but no pa- 
tient has been previously reported with hearing fluctuasion as the initial complaint. A chest radiograph and eye examination are man- 
datory. The diagnosis may be suspected from hilar adenspatry and uveitis, a1 confirmed by node biopsy. The hearing will usually im- 
prove on steroid therapy. Sarcoidosis represents yet anotł=r dsease entity the ctalaryngologist must consider in the differential diagnosis of 


fluctuating hearing loss. 


Sarcoidosis is not generally recognized as < cause 
of fluctuating sensorineural hearing loss. Netrolog- 
ical manifestations of sarcoidosis occur in orly 5% 
of patients affected with this disease. Ho ever, 
neurological dysfunction may often be the p-esent- 
ing complaint. The central nervous system i often 
involved earlier in the course of neurological sar- 
coidosis than is the peripheral nervous system ənd 
carries a poorer prognosis.’ The central nervous 
system lesion is presumed to be a granulomatous 
meningitis that directly infiltrates the cranial aerves 
or causes them to be compressed from invohement 
of adjacent intracranial structures. Of the crarial 
nerves, the eighth cranial nerve is the fourtk most 
frequently involved while the facial nerve i- most 
frequently involved. Indeed, facial paralysis is -he 
most common neurological disorder.” In a la ge re- 
view series of 118 patients, facial paralysis oc-ur-ed 
in over 50% of cases.’ The optic nerve is the seccnd 
most affected cranial nerve while cranial nerwes IX 
and X combined are third. Multiple cranial ne-ve 
palsies may be found. 


The fluctuating quality of the hearing loss n sar- 
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coid xis has been noted previously by others.':?:+- 
Hear-ng fluctuation has occurred in almost one half 
of all reported cases linking hearing loss with sar- 
coidesis.** Vestibular dysfunction often fluctuates 
with -he hearing. These disturbances in balance 
and <eudition may mimic those found in other dis- 
eases. Engberg and Jepsen* reported on four pa- 
tients with sarcoidosis who were admitted for vesti- 
buloacoustic system disease in whom two of four 
were tentatively diagnosed as having bilateral 
acoustic neurinoma. The differential diagnosis 
shou 4 include lues, multiple sclerosis, Cogan’s syn- 
drome, acoustic neuroma, endolymphatic hydrops, 
Vogt-Koyanagi syndrome, and other intracranial 
tumors. 


Uveitis is a common companion of neurologic sar- 
coidæis. It is stated to be four times more common 
in pa-ients with neurological sarcoidosis than in sar- 
coidxis patients without neurological symptoms.5 
Uveitis was seen in 11 of 12 patients with hearing 
loss and sarcoidosis as reported by Gristwood,*® and 
in 56€% of 118 patients with sarcoidosis of the ner- 
vous system as reported by Colover.? 


IK 2K 4K 6K 


Fig. 1. Composite audiograms showing fluc- 
tuating in hearing over a period of four months. A) 
Left ear. B) Right ear. 
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The frequent finding of uveitis in neurological 
sarcoidosis makes an eye examination imperative. A 
chest roentgenogram is mandatory and will often 
show hilar adenopathy. On occasion, the chest 
roentgenogram may be normal and delay the diag- 
nosis.” Hypercalcemia, a positive Kveim test, in- 
creased serum globulins, anergy, and uveoparotid 
fever may be found. The typical histopathologic le- 
sion on lymph node biopsy is an epitheloid-cell 
granuloma, similar to that seen in tuberculosis, but 
lacking central necrosis and with absent tubercle 
bacilli. The epitheloid tubercle is not pathogno- 
monic for sarcoidosis but its presence contributes 
greatly to the diagnosis. 


CASE REPORT 


The patient is a 35-year-old white female who, 
while attending an outdoor concert on July 10, 
1978, experieneed fullness and tinnitus in her left 
ear. There was no vertigo. The following day she 
was seen in consultation by an otolaryngologist who 
confirmed a mild sensorineural hearing loss in the 
left ear. The otolaryngologic examination was 
otherwise negative. The left-sided hearing loss was 
slightly progressive over one month’s time and she 
was referred to the University of Virginia for fur- 
ther evaluation. 


Her past medical history revealed that she was 
under the care of an ophthalmologist since Febru- 
ary 1978 because of iritis with blurred vision, pho- 
tophobia, tearing and redness of both eyes. 


Physical examination revealed both ears to be 
normal in appearance. An audiogram showed a 
mild to moderate high frequency sensorineural 
hearing loss in the left ear. Discrimination scores 
were 100% in each ear. Acoustic reflex was normal 
and there was no acoustic reflex decay. 


A vestibular function test was performed using 1 
cc ice water. There was no response on the left. Ten 
cubic centimeters of ice water were then used in the 
left ear and again there was no response. The right 





Fig. 2. Air conduction audiogram following 
treatment with prednisone for five months. O - 
Right, X - Left. 


ear responded well to caloric stimulation. One week 
later an electronystagmogram showed that both 
ears responded comparably to 33 C water while the 
left ear responded very little to 44 C water. 


Temporal bone polytomography was normal. 
Computerized axial tomography of the head was 
also normal. Tests for syphilis including rapid plas- 
ma reagin (RPR) and FTA/ABS were negative. 


On September 19, 1978, the patient returned 
complaining that the hearing in her right ear, her 
good ear, was now impaired. An audiogram con- 
firmed a worsening of the hearing in the right ear 
while the left ear was improved. 


She was seen in consultation by the neurology ser- 
vice and admitted in October 1978 for a diagnostic 
workup. Hearing tests continued to show a fluctua- 
tion of hearing in both ears (Fig. 1 A,B). Her hospi- 
tal workup revealed a positive anergy panel, a 
serum calcium of 9.3 mg%, and a chest roent- 
genogram showed hilar adenopathy. An ophthal- 
mology consultant found granulomatous iritis con- 
sistent with sarcoidosis. A biopsy of a prescalene 
lymph node showed noncaseating granulomas. 


Prednisone therapy was begun at a dose of 80 mg 
per day, and then gradually decreased to 35 mg 
every other day. The patient’s hearing has im- 
proved since beginning the prednisone and her 
course has otherwise stabilized (Fig. 2). 


COMMENT 


The early signs and symptoms of neurological sar- 
coidosis may be subtle and easily overlooked. The 
only cranial nerve affected in this case was the 
eighth nerve. Recognition that hearing loss and ves- 
tibular function may fluctuate in sarcoidosis should 
alert the otolaryngologist to this disease. 


The purpose of this paper is to focus attention on 
sarcoidosis as yet another disease entity the otolar- 
yngologist must consider in the differential diag- 
nosis of fluctuating hearing loss. 
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EUROPEAN LEVY=LOPMENTS IN A JDIOLOGY 


During an exchange of letters with the Editor, Ronald Hinchcliffe, Professor cf Audiological Medicine at the Institute of Laryngology 
and Otology in London, discussed the growth of audiolog professional groups ia E urope. He wrote, “It is true that there have been recent 
developments in the organization of audiological health serv.ees in Europe. There is now a definite career structure for both Audiological 
Science and Audiological Medicine in the British Natioral E ealth Service. We Have also not only a British Society of Audiology but a 
British Association of Audiological Scientists and the British Association of Auc:osogical Physicians. 


“An international association of audiological physicians w as founded in Krakcv, Poland, in the first week of September (symptomatic 
of other occupational organizations trying to find an iden “fic: tion at that time } “he first conference of this international association took 
place in Wiesbaden on November 1-2, 1980. Professor W Niemeyer of Marburz, West Germany, was elected the first President and Dr. 
S.D.G. Stephens, London, UK, was elected Honorary Seeretary. The agreed rame of the association is the International Association of 
Physicians in Audiology. 


“No doubt otolaryngological surgeons will be eager t> recep the benefits of t-i new specialty. Just as neurosurgical and cardiosurgical 
practice has been enhanced by the neurologist and the carcielogist respective +, -tolaryngological surgery will be advanced by the con- 
tributions which the otological physician can provide. Inc@ed perhaps the term * telaryngological physician’ instead of ‘audiological physi- 
cian’ would have been a better term. However, since the ma er part of their work -t the moment is concerned with auditory disorders, this 
has been chosen. 


“The President of the Royal College of Physicians n London, Sir Dougks Black, has said that he considers a specialty has been 
established when it has already started to subspecialize. T sis was indeed the case wth audiological medicine at the Royal National Throat, 
Nose & Ear Hospital, where there is a Division of Audiomgy with five depart Its. Although one is a science department (Audiological 
Physics), the other four are specialist audiological medi-al cepartments. One of these is concerned with Communication Disorders of 
Children, the second with Auditory Electrophysiology, the third with Diagnos ic Neurootology and the fourth with Adult Auditory 
Rehabilitation. 


“It would seem not a bad idea if, at some future world coagresses of otolarrmg» logy, the physicians and the surgeons could get together 
to discuss ways in which they can forge ahead with thei mı tual cooperation. ~ 


Ann Otol 90:1981 


VELOCITY OF RAPID EYE MOVEMENTS AND VERTIGO OF 
CENTRAL ORIGIN 


ILMARI PYYKKO, MD 
CARSTEN WENNMO, MD 


NILS-GUNNAR HENRIKSSON, MD 
LUCYNA SCHALEN 


LUND, SWEDEN 


Peak velocities of voluntary saccades and fast phases of different qualities of nystagmus were studied in 20 normal subjects, 5 patients 
with pontine lesions and 5 patients with lesions in the frontal cortex. The peak velocity of saccades was related to the amplitude of the eye 
movement, the alertness of the subject and whether the subject could see the target or not. The effect of the age was not significant. The 
quick phases of caloric, optokinetic and angular acceleration induced nystagmus were equally rapid but somewhat slower than that of 
vestibular nystagmus recorded in standardized visual surrounding. In the same visual condition saccades were always faster than quick 
phases of nystagmus. Patients with cortical lesions had normal velocities in saccades and quick phases of nystagmus. Patients with pontine 
disorders had significantly reduced saccadic and quick phase velocity, and some of the patients exhibited dissociations between velocity 
pattern of rapid eye movements. The velocity difference between saccades and quick phases probably reflects different pontine 
mechanisms while the somewhat higher velocity in quick phase of vestibular nystagmus recorded in light is probably related to higher at- 


tention evcked by vestibular-visual interaction. 


The rapid eye movements consist of saccades and 
quick phases ef nystagmus. Saccades are scanning 
motions of the eye. They can be triggered either by 
volition, eg, when we search an object in the hori- 
zon; or reflexively, eg, by sudden noise or when an 
unexpected object interferes with our visual field. 
The peak veloeity of saccades is dependent on sever- 
al factors like the amplitude of the eye movements,' 
visual conditions, ? alertness,? and medication,‘ 
among others. A decrease in the peak velocity of 
saccades has been reported in diseases involving the 
CNS,° and especially in the posterior fossa lesions.*’ 
Similar evidence has not been evinced for the quick 
phase of nystagmus. 


According to the currently accepted hypothesis 
saccadic eye movements use the same gate neurons 
in the paramedian pontine reticular formation 
(PPRF) as quick phases of nystagmus.*® This gives 
reason to assume that the velocities of rapid eye 
movements are closely related to each other. Ron et 
al’? reported that in monkeys the quick phase of 
vestibular nystagmus is faster than a saccade. 
Nauck et al'' indicated that in man saccades and 
quick phases of OKN are equally rapid and faster 


than the quick phase of vestibular nystagmus. Con- 
trary to this Sharpe et al’? reported that all rapid 
eye movements share the same peak velocity. 


The aim of this paper is to study in normals, as 
well as in patients with selected disorders, the veloc- 
ity of different types of rapid eye movements. A 
part of the results have been published earlier in 
two separate papers considering normative values," 
and pathologic values." 


METHODS 


In the present study the peak velocities of rapid eye movements 
were examined in 20 normal subjects and in 10 patients. Five of 
the patients had pontine lesions and five had lesions in the frontal 
cortex involving Broca’s speech area and the frontal eye field. The 
mean age, diagnosis and duration of the symptoms of the subjects 
was determined (Table 1). 


The usual ENG technique with infinite time constant and up- 
per cutoff frequency of 15 Hz was used. The paper was fed at 10 
cm/sec to ensure accuracy in the analysis of the recordings for 
events occurring within 10 ms and for angular deviation of eyes of 
1°. Horizontal eye movements were recorded binocularly and 
vertical eye movements from both eyes separately. 


The subject was sitting in the chair, the head supported and 
looked at light diodes mounted at angles of 5°, 10°, 20°, and 30° 


TABLE 1. CLASSIFICATION OF SUBJECTS ACCORDING TO DIAGNOSIS, AGE AND DURATION OF SYMPTOMS 


Age (years) Duration of 
Group No. Mean Range Symptom/Diagnosis No. Symptoms (range) 
Normal subjects 20 48.4 23-72 Healthy 
Pontine disorders 5 42.8 17-61 Vascular ischemia 3 14-21 days 
Tumor of IVth ventricle l 2 yr 
Progress. supranucl. palsy l l yr 
Cortical disorders (apraxia) 5 52.6 26-73 Head injury 2 2-9 mo 
Vascular ischemia 2 2-6 mo 
Presenile dementia ] 5 yr 


Progress. - Progressive; Supranucl. - Supranuclear. 


From the Department of Otolaryngology, University Hospital of Lund, Lund, Sweden. 
Presented at the meeting of the American Neurotological Society, Palm Beach, Flerida, April 12, 1980. 
REPRINTS — Ilmari Pyykkö, MD, Department of Otolaryngology, University Hospital of Lund, Lund 22185, Sweden. 
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on both sides of the midline. At least ten saccades were mcomled 
for each amplitude. After that the light diodes were turnec off 
and the subjects were asked to look in the darkness acccrdirz to 
their own estimation at the amplitudes of 5°, 10°, anc D“ off 
center. 


A routine bithermal caloric test was performed in darkmess 
with eyes open.'® The acceleration of the chair in the rotatary test 
was 120°/s? for one second to a constant velocity of 120° /s. The 
chair was brought to a stand-still by corresponding dece eration. 
This test also was carried out in total darkness with eyes »per. To 
evoke vestibular nystagmus in standardized visual conditions the 
subjects were rotated in light within a whole field optoxinetic 
drum. For the optokinetic test the drum, consisting of black and 
white stripes, was accelerated during ten seconds up to asecnstant 
velocity of 90°/s. 


The peak velocities for the rapid eye movements were nea- 
sured manually. For calculation they were classified according to 
amplitudes into five different classes (Fig. 1). 


RESULTS 


Normal Subjects. The peak velocities of ‘he sac- 
cades tested in two laboratories on comparebie but 
different equipment were the same (Fig. 2) ia 20 
normal subjects when they were tested within aa in- 








Peak O 
vel. is 
500 
400 
300 R N M range ‘a 
NORMAL 20 484 23-72 |! —— 
p ---- 
200 NORMAL 12 450 18-70 Ii ereer 
deg. 
0 20 30 40 50 5C Ampl. 


Fig. 2. Mean peak velocity and SD of saccades ať the 
amplitudes of 20° and 60° in two groups of normalsub=cts 
and within one group when recorded in two diffezert ab- 
oratories. 
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Fig. 1. Method by which peak veloc- 
ities of saccades and quick phases of nys- 
tagmus were calculated: Tangent for the 
steepest slope of the recording was visual- 
ly estimated and the peak velocity was 
calculated by using duration and ampli- 
tude of the tangent. The peak velocities 
were thereafter classified according to 
amplitudes into six classes. 


NYSTAGMUS 


terval ef one hour. Further, same peak velocities of 
saccad«s were displayed by 12 additional subjects 
with cemparable age range. 


The peak velocity of a saccade was dependent 
upon emplitude of the eye movement and whether 
the ta-get was visible or not (Fig. 3). The peak 
velocity increased with the growth of the ampli- 
tude. Fut this relationship was not linear. The mean 
peak velocity at the amplitude of 60° was about 
500°/s In the darkness the peak velocity of the sac- 
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Fig. 3. A) Peak velocity curve of saccades and B) quick 
p_ases of nystagmus in normal subjects. SD are shown only 
ir one direction. 
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Fig. 4. Peak velocity curve of saccades at different age 
roups. Solid line (x_____x) age group 23-39 years 
N=), broken line (o - - - - 0) age group 40-49 years 
Nos and dot-ed line (. . . 


.) age group 60-74 years 
N=6 


. SD are shown in one direction. 

cades decreased significantly and was at the 
amplitude of 60° about 400°/s (Student’s t-test, 
p<0.01). A similar decrease as in darkness was 
noticeable in drowsy subjects. We were not able to 
show (Fig. 4) that the peak velocity of the visual 
saccades is dependent upon age (up to 72 years). 


The peak velocity curves of the quick phases of 
caloric nystagmus are caused by stimulation of one 
labyrinth while rotatory nystagmus is produced by 
activation of bcth labyrinths (Fig. 3). Further, 
these velocities were equal to those of the quick 
phases of optokinetic nystagmus. However, if the 
subjects were rotated in light within an optokinetic 
drum the peak velocities of the quick phases of the 
resulted optovestibular nystagmus increased and 
were statistically significantly higher than quick 
phases of vestibular nystagmus in the darkness (Stu- 
dent’s t-test, p<9.01). The peak velocities of the 
fast phases of optovestibular nystagmus were 260°/s 
at an amplitude of 20° compared to 215°/s in the 
rotatory nystagmus. The peak velocities of saccades 
were always faster than quick phase of nystagmus 
in similar visual conditions. 
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Fig. 5. Peak velocity curve of saccades in normal sub- 
jects in five patients with cortical lesion and in five patients 
with brainstem lesicn. Mean and SD. 
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Fig. 6. Peak velocity curve of quick phase of vestibular 
nystagmus in the same subjects as in Fig. 5. 


Patients. Patients with dyspraxia of speech indi- 
cating a disturbance in Broca’s speech area in the 
left frontal cortex presented an interesting saccadic 
pattern. Their saccades were characteristically split 
into small saccades and they reached the target step 
by step by making several correction saccades. 
However, the peak velocity of the split saccades was 
normal in both directions. The patients with pon- 
tine lesions exhibited both accurate and split sac- 
cades, but their saccades showed strongly reduced 
peak velocities (Fig. 5). 


The peak velocity of quick phase of vestibular 
nystagmus was normal in patients with dyspraxia of 
speech while reduced in patients with a pontine le- 
sion (Fig. 6). However, the fact that the reduction 
of peak velocity in the quick phase of nystagmus 
was not as constant a finding as in saccadic test in- 
dicates that these two rapid eye movements can be 
injured separately. An analysis (Fig. 7) of rapid eye 
movements in a patient with brainstem infarction 
demonstrates this. Saccades, quick phases of vestib- 
ular nystagmus, and optovestibular nystagmus ex- 
hibited strongly reduced peak velocities while the 
quick phase of optokinetic nystagmus was still 
within normal values. 


DISCUSSION 


A velocity analysis of rapid eye movements indi- 
cates that the mechanism adapting velocity to 
amplitude in eye saccades is somewhat different 
from that of the quick phase of nystagmus. Further, 
the mechanism by which the visual input enhances 
peak velocity differs in saccades from that of fast 
phases of nystagmus. The results from our patients 
indicate that lesions in the frontal visual field (Brod- 
mann’s area 8) do not decrease the velocity of rapid 
eye movements while the velocity adaptation fre- 
quently seems to be disturbed in patients with le- 
sions in the pontine reticular formation. In 
brainstem lesions dissociation of quick phases of 
nystagmus and of saccades can occur. 
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Fig. 7. A) Peak velocity curve of saccades, B) zs 
phase of vestibular nystagmus, and C) quick phase of op- 
tokinetic nystagmus in a subject with brainstem infarction. 
Normal ranges are exhibited with dotted lines. 


The reason why the saccadic velocity is greater 
than in the fast phases of nystagmus is still not quite 
understood. Neuronal activity during rapid 2ye 
movement is composed of two phenomena tak ng 
place simultaneously: facilitation of agonistie ex- 
traocular muscles and inhibition of the antagonistic 
extraocular muscles.'®-'§ Identical activity hes been 
recorded in the very same neurons of PPRF duming 


quick pases of nystagmus as during voluntary sac- 
cades.** Thus facilitation steered by PPRF seems to 
be sim:kar."® 


Hikosaka and Kawakami,” Hikosaka et al,?! and 
Shimaza?? have recently given insight into the 
origin ef quick phase of nystagmus. During the 
quick phase of nystagmus four types of premotor 
neurons are involved in the activation of abducens 
neurons; two of the neurons display facilitation and 
two inhibition. The abducens motoneuron is facili- 
tated monosynaptically and disynaptically from the 
contralateral vestibular nerve while axons medi- 
ating irhibition arise monosynaptically from the ip- 
silatera. vestibular nerve and from the pontine 
reticuler formation. During ipsilateral quick phase 
the abcucens motoneurons display facilitation and 
disinhibition and during contralateral quick phase 
they dsplay disfacilitation and inhibition. Even 
though all four of these neurons show burstlike ac- 
tivity, he duration, the timing and the intensity of 
the burst is different and varies. Hence the output 
of abcucens neurons during the quick phase of nys- 
tagmus is characterized in the mathematical sense 
in an -mtegrated form of facilitation and inhibition. 
Saccaces, on the contrary, are believed to operate 
entirely by PPRF'®? making the output in the moto- 
neuron simpler. The mechanisms of facilitation and 
disinhibition of motoneurons in the quick phase of 
nystagmus and saccades might provide a basis for 
velocity differences of these eye movements. 


Further, concomitantly with the alerting effect 
by ligat, volition itself during the test can be a 
faciliteting factor through a special pathway, in- 
creasitg saccadic velocity. Because nystagmus is a 
reflexive eye movement, the facilitation by volition 
is lacking in the fast phases of nystagmus even in 
light. However, somewhat contradictory to this 
idea was the finding that the return eye movements 
after smooth pursuit had the peak velocity of the 
saccace and not of the fast phase of nystagmus." 
Attention, as a nonspecific factor, is probably not 
impor-ant here in terms of explaining the difference 
betw2=n the two types of eye movements. 


The effect of attention on the quick phase of 
nystagmus can be best explained as an increase of 
peak velocity during vestibular-visual interaction 
when subjects were rotated in light. 


The peak velocities of rapid eye movements in the 
patierts with pontine lesions exhibited a pro- 
nounced decrease of velocity. In most subjects the 
decrease took place equally in saccades and quick 
phas2s of nystagmus, even though in some subjects 
dissociation in the rapid eye movement pattern ex- 
isted. In a larger group of subjects? it was shown 
that dissociation existed most commonly between 
saccades and quick phases of nystagmus. These 
findirgs, therefore, may support the idea that the 
mechanism triggering quick phases of nystagmus 
migh* be somewhat different from saccades. 
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In accordance with the lesion experiments in ani- 
mals? our results in the patients with pontine 
disorders indicate that the supranuclear organiza- 
tion which determines the velocity of rapid eye 
movements is located in the brainstem. The process 
of velocity amplitude adaptation was unaffected in 
patients with dysfunction of frontal cortex. This 
supports the earlier findings that the brainstem 
mechanisms for quick phase of nystagmus”* and sac- 
cades® are rather independent of higher order func- 


tions of the CNS. 


Clinical analysis of rapid eye movements may 
then help to discriminate cortical lesions from those 
located in the pons. It may often be sufficient to 
determine the velocity of the saccades, but since a 
dissociation between the two types of eye move- 
ments sometimes does occur, additional informa- 
tion may be achieved by also analyzing the quick 
phases of nystagmus. 
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MYOSITIS OSSIFICANS FOLLOWING RADICAL NECK DISSECTION 


MARTIN A. SHUGAR, MD 
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THOMAS J. MULVANEY, MD 
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Myositis ossificans traumatica is an uncommon disorder in which there s posttraumatic bone formation in muscle and other soft 
tissues near bone. The lesion is exceedingly rare in the head amd neck. A case is presented in which myositis ossificans of the platysma oc- 
curred following radical neck dissection. Because recurrence may follow excision ef the abnormal bone, removal is recommended only if 
there are significant symptoms associated with the lesion. Hf st rgery is indicated, it should be delayed for 6 to 12 months following the in- 


itial trauma to allow for maturation of the lesion. 


INTRODUCTION 


Myositis ossificans traumatica is an uncommon 
disorder in which there is bone formation in muscle 
and other soft tissues near bone following trauma. 
The lesion contains actively proliferating fibroblasts 
and osteoblasts and may be misdiagnosed as a ma- 
lignant tumor (sarcoma) early in its developmen: .'? 
The name is poorly descriptive in that musce May 
not be directly involved, inflammation hes not 
always been shown to be present, and osseous tissue 
is not demonstrable in the early stages; hence, other 
terms such as heterotopic nonneoplastic ossification 
have been suggested as more appropriate. 


Traumatic myositis ossificans occurs mest fre- 
quently in active young men and has been asso- 
ciated with certain occupations (eg, jockeys. in-an- 
trymen) or avocations (eg, fencers) in which muscle 
may be traumatized, eg, “riders’ bone” in the 
jockey’s thigh adductors.? The disorder may occur 
in any skeletal muscle; however, the muscles wich 
most frequently undergo ossification are the que dri- 
ceps femoris and the brachialis anticus.’ 


There have been few reports of the disorder oc- 
curring in the head and neck. Traumatic myesitis 
ossificans has been reported in the masseter °° buc- 
cinator,’ diagastric,* and medial pterygoid? nus- 
cles. Pappas and Johnson’? reported a unique case 
of myositis ossificans in the intrinsic musclesand ad- 
jacent mucous membrane of the immediate sub- 
glottic portion of the larynx. 


In reviewing the literature, we found no nrepert of 
myositis ossificans following radical neck dissection. 
We believe that the following report represents a 
case of myositis ossificans of the platysme muscle 
which followed radical neck dissection. The patho- 
genesis, differential diagnosis, and managemert are 
discussed. 


CASE REPORT 


A 78-year-old white male presented at the Infir- 
mary with complaints of a right-sided sore throat, 
odynop agia, and otalgia for one month. Investiga- 
tions revealed a T;NoMo squamous cell carcinoma of 
the right posterolateral pharyngeal and hypo- 
pharyngeal wall. This lesion was treated with °°Co 
radietien therapy, delivered to the primary lesion 
and neek by parallel opposed right and left lateral 
fields te a dose of 4,400 rads, followed by a “boost- 
ing” dese to the primary site for a total of 6,735 
rads. He tolerated the radiation therapy well, and 
at the conclusion, there was no residual disease. 
Five months later, he developed a right-sided neck 
node without evidence of disease at the primary site 
and ne distant metastases. Subsequently a right 
radical neck dissection was carried out using the 
Conley modification of the Schobinger incision. 
The platysma was elevated with the skin flaps, and 
a standard block radical neck dissection was un- 
ever_tfully performed. The postoperative course was 
uncomplicated. Histopathological examination 
revealed metastatic keratinizing squamous cell car- 
cinoma to multiple jugular lymph nodes, with focal 
extranodal extension of tumor into fat in one of the 
high jugular nodes. In view of the previous radio- 
therapy and the radical neck dissection, it was felt 
no adcitional treatment was indicated at this time. 


Two to three weeks postoperatively, the patient 
noted a progressively hardening mass in the right 
lower neck. Two months postoperatively, he was 
documented to have a subcutaneous bony spike aris- 
ing frem the superior aspect of the lateral one third 
of the clavicle which measured 5.5 cm long and 0.7 
cm wide. The bony mass ascended the neck supero- 
medially, transecting the previous incision line, and 
stopped 2.5 cm lateral to the carotid artery (Figs. 1 
and 2). There was no indication of carotid artery 
compression or other associated symptoms. Figures 
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Fig. 1. Arrew points to superior end of bony lesion. 


3 and 4 show the radiographic appearance of the 
bony lesion six months postoperatively. There was 
no subsequent growth of bone or development of 
symptoms 12 months postoperatively. 


DISCUSSION 


The pathogenesis of myositis ossificans is contro- 
versial and was reviewed by Carey.'' There are four 
basic theories: 1) trauma to the periosteum of an ad- 
jacent bone with displacement of osteoblasts into 
muscle with subsequent bone formation; 2) activa- 
tion by trauma or hemorrhage of periosteal im- 
plants already present in the muscle; 3) metaplasia 
of pluripotential intermuscular connective tissue in- 
to bone; and 4) metaplasia of normal muscle tendon 
fibrocartilage into bone. 





Fig. 2. Relationship of bony lesion to neck structures. 
A - Clavicle; B - Bony lesion; C - Carotid artery; D - Inci- 
sion line of radical neck dissection. 


It is obvious that other unidentified factors favor- 
ing bone formation must be involved, as only a 
minute percentage of traumatized muscles ossify. 
No abnormality of calcium or phosphorus metabo- 
lism has been demonstrated.’ Intramuscular and/or 
subperiosteal hemorrhage secondary to trauma is a 
common antecedent event, although this does not 
appear to be essential in all cases.’ 


The clinical presentation is usually a firm, often 
painful, mass appearing in the affected muscle be- 
tween one and four weeks following trauma. The 
mass is readily palpable and may progressively limit 
motion depending upon its size and location. 


Radiographic studies performed early in the 





Fig. 3. AP view of clavicles. Note bony lesion paek adjacent to clavicle. (Apparent discrepancy between clinical and 


radiologic position of lesion is explicable by caudad angu 


ation of x-ray beam.) 
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Fig. 4. Posterior oblique fluoroscopic view shows bony 


lesion within soft tissues, 


course of this disorder may reveal no mineraliza- 
tion, but some ossification is usually evident by the 
time the lesion is observed clinically.' Calcification 
may first be detected 10-20 days after the traumatic 
episode, appearing as faint shadows at a vawiaple 
distance from bone, which gradually increase in 
density. The radiographic appearance correlated 
with the histopathology of the evolving lesion in 
that there is a central undifferentiated zone (hiso- 
logically composed of immature mesenctyraal 
cells), merging into an area of oriented osteoid for- 
mation. Both areas are surrounded by a periphe-al 
zone of well-formed bone. This has been deserit ed 
as the “zone phenomenon.”? Ultimately, ossifica- 
tion is extensive; mature bone can be identified -a- 
diographically by four to five months, at whch 
time the benign nature of the lesion is obviow: ."3 
The lesion may be located near a bone and remain 
completely separate from it, or it may be attacked 
to the underlying bone, the appearance sometimes 
resembling an osteoma with a cortex and medullary 
canal,':'3 


The differential diagnosis of the lesion ineludes 
proliferative myositis, nodular fasciitis, parosteal 
osteoma, traumatic fibrosis and osteogenic sarcoma 


arising n soft tissues.'? The diagnosis of myositis 
ossificars is usually evident however, based on the 
history, clinical presentation, and radiographic ap- 
pearance. In the case presented in this report, the 
diagncss of traumatic fibrosis along the incision 
line is excluded by the radiologic findings and the 
fact thæ the bony lesion was not in continuity, but 
rather t-ansected the incision line (Fig. 2). Myositis 
ossificars is distinguished from sarcomas of the soft 
tissues >y its rapid onset and growth following 
trauma and by its radiologic appearance. 


Anete»mic considerations suggest that the lesion 
involved the platysma muscle in this case. The 
platysaa consists of a subcutaneous muscle sheet 
cross:mg the whole length of the lower border of the 
mandie above, crossing over the whole length of 
the clavicle below and extending downward to the 
level cf the first or second rib and towards the acro- 
mion. * The bony subcutaneous spike in this case 
appeared to parallel the direction of platysma fibers 
(Fig. 1} 

In geral, conservative treatment of myositis os- 
sificars is advocated. A number of these lesions re- 
portecl» disappear spontaneously after variable 
periocs of time.’ Surgical excision is generally 
reserved for cases with severe pain, limitation of 
motioa secondary to the mass, and, in a small num- 
ber of cases, to exclude malignancy." Because 
myosii ossificans involving the muscles of mastica- 
tion anost invariably results in pain and trismus, 
careful surgical excision has been recommended in 
this region.***? Recurrence after any excision is 
possi #e'” again demonstrating that removal is in- 
dicated only if symptoms are severe.*'? When 
surgery is indicated, it should not be performed for 
at leas: § to 12 months following the initial trauma, 
to alow maturation of the lesion. If an immature 
lesion is excised, a rapid and extensive recurrence is 
quite lixely.'? The absence of symptoms in our pa- 
tient. coupled with his age and his primary disease 
excluced the need for surgical excision. 
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MYRINGOPLASTY WITH FASCIAL STAKES 
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Myringoplasty reinforced by fascial stakes was performed in 87 ears. Small tongue-like fascial projections or “stakes” were used to keep 
the fascial graft in position. No foreign material was introduced into the middle ear cavity to support the graft and the drum. The technical 
details of this procedure are described and analysis of the results is presented. 


The surgical principles of tympanoplasty depend 
largely on adequate exposure of the middle ear cavi- 
ty' to eradicate disease and to create a functioning 
middle ear clinically implying a closure of the air- 
bone gap. 


In the last few years the majority of surgeons 
have concluded that fascia or perichondrium are 
the most suitable materials for reconstructing the 
tympanic membrane.? These materials have been 
placed either medially or laterally to the drum. 


A retrospective study by Doyle? of patients under- 
going type I tympanoplasty demonstrated that me- 
dial grafting assures superior results with a lower 
incidence of complications. 


In this paper we present a technique of tympano- 
plasty employed since 1974 on 87 ears. The tech- 
nique involves medial grafting of temporal muscle 
fascia without the use of any supporting material in 
the middle ear cavity. The fascia is held in position 
with the help of fascial stakes. This technique has 
been used by Plester* for many years and was de- 
scribed by Bailey’ in 1976. Recently Williams? 
reported a technique of myringoplasty by using mi- 
croclips. He reported improvement of hearing in 
90% of type I tympanoplastic procedures. The 
paucity of publications on this subject has prompted 
us to describe our experience. 


METHODS 


During the three years 1975-1978, 87 tympanoplastic pro- 
cedures were performed in our department (Table 1). Thirty-five 
patients were females and 42 were males. The age of the patients 
ranged from 9-65 years with a mean age of 31.2 years. 


Preoperative evaluations included assessment of eustachian 


TABLE 1. NUMBER OF TYMPANOPLASTIES 


Type of Tympanoplasty No. of Ears 





I 59 
II l 
II 26 
IV l 
Total 87 


*Plester D. Personal ccmmunication, 1974. 


tube patency, pure-tone and speech audiometry, and radiography 
of the mastoid. Only those patients who had postoperative follow- 
up for at least 12 months were included in this paper. 


We prefer the postauricular approach to the middle ear be- 
cause we believe that it gives a better view of the tympanic cavity 
and allows a more complete examination of the ossicular chain. 
Prior to elevation of the fibrocartilaginous rim of the anulus tym- 
panicus and to entering the middle ear cavity, the periphery of 
the perforation is denuded of epithelium until a raw surface is ob- 
tained. The meatal flap and the tympanic membrane are placed 
forward against the anterior canal wall exposing the tympanic 
cavity. The fascial graft is laid on the medial surface of the tym- 
panic membrane, and then the drum with the graft is reposi- 
tioned. At this stage the cases can be divided into two groups: a) 
small central perforation and b) subtotal or total perforation. 


Repair of a Central Perforation. Three tiny incisions are made 
in the anterior remnant of the drum and the fascial graft is pulled 
through those openings. We refer to these tongue-like fascial pro- 
jections as “stakes.” Three such stakes are formed superiorly, in- 
feriorly and anteriorly to the perforation (Fig. 1 A, B). This pro- 
cedure assures a firm fixation of the graft in its proper position. 


Repair of Subtotal or Total Perforation. A subtotal or total per- 
foration is more difficult to repair by the stakes technique because 
a limited surface of the drum is available. In most cases only the 
anulus tympanicus is preserved. The anulus is elevated at two 
points anteriorly and the fascial stakes are pulled out through 
these pathways. In this way the fascial graft is adequately fixed in 
its anterior position. An additional stake may be employed super- 
iorly, if sufficient drum is available (Fig. 1 B). A small piece of 
Silastic® sheath is then put on the graft and the drum. 


RESULTS 


Closure of the perforation, improvement in hear- 
ing function and incidence of complications were 
studied for at least 12 months following surgery in 
all the patients. Five of the 87 eardrums were re- 
perforated. This represents a failure rate of 5.6% 
(Table 2). Closure of the air-bone gap within 20 dB 
was noted in 75 of 87 patients. Hearing was worse 
in seven and unchanged in five patients (Table 3). 


TABLE 2. REPERFORATED EARDRUMS 
Reperforated Eardrums 
No. 





Type of Tympanoplast 0. % 
I 3 (3.4) 
II EIR 
II LD 
IV — 
Total 5 (5.6) 
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A 


Drum 
Fascia 
Perf 
Stakes 


B 


Fig. 1. A) Positioning of the stakes in a central perfcra- 
tion. B) Positioning of the stakes in a subtotal perforation. 


DISCUSSION 


Diverse methods of tympanoplasty are reported 
in the literature associated with varying degr=es of 
success. The method used by us differs from mest 
reported techniques in that the fascial graft i sup- 


TABLE 3. RESULTS 


Type cf Hearing 
Tympcro- No.of Improved Worsened Unchanged 


plasa Ears No. % No. % No. % 


I 59 54 91.5 3 50 2 33 
I l = l — 


Ill 26 20 76.9 es 115 3 11.5 
IV 1 l — o 
Tota 87 75 86.2 7 80 > 95.8 


ported »y tiny fascial stakes. Foreign material is not 
introd saced into the middle ear cavity. The use of a 
media ly positioned graft is still debatable because 
it is believed to reduce the middle ear space, and to 
herniat2 towards the promontory.’ Hence the 
need tə introduce Gelfoam® or some other support- 
ing material into the middle ear. Such materials 
may produce adhesive bands with medial retraction 
of the drum. In the pocket-like cavity which fol- 
lows, =aolesteatoma may develop. The stakes tech- 
nique cescribed assures that the graft remains fixed 
in pos tien, eliminating the possibility of cholestea- 
toma -ermation, while preserving a relatively large 
middl= ear cavity. 


The ~esults in our study show a hearing improve- 
ment ia 92% and closure of the air-bone gap in 
90% of patients who had a type I tympanoplastic 
proced ire. A closed drum was observed in 91% of 
the patients. The results are similar to those re- 
portec in the literature.* Biological considerations 
suppo-- the use of natural biological material rather 
than mezallic clips* for fixation of the graft. The 
avoidanee of foreign material in the middle ear is 
also stressed. 
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MICROFISSURE IN THE OVAL WINDOW AREA 
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Examination of 331 human temporal bones revealed the presence of a microfissure in the oval window area in 25%. The youngest 
temporal bone in which the microfissure was observed was from a child eight years old and the oldest temporal bone was from an in- 
dividual 102 years old. It appears that the microfissure in this area occurs extremely rarely before 10 years of age, that it begins to be 
observed after the aze of 10, and that the incidence of this fissure increases sharply at about age 40. In 61% of the bones in which the 
microfissure was e bserved, it was present both superior and inferior to the oval window in almost the same vertical plane. In none of the 
bones, however, cid it extend beyond the annular ligament to the footplate. The histological appearance of the microfissure in this area 
was quite similar » that of the microfissure between the posterior canal ampulla and round window niche, although the latter appeared to 
be wider in generel. The histogenesis of the microfissure is still unknown, but upon careful analysis of the results of this study and literature 
review, the authors consider nontraumatic spontaneous fracture by mechanical stress to be the most probable explanation for its occur- 
rence. Possible clinical significance of the microfissure is also discussed. 


INTRODUCTION 

The presence of a microfissure in human tempor- bones, the present authors noted that many of the 
al bone specimens has apparently been well-known bones with microfissures superior to the oval win- 
for a long time. Manasse,' Nager,? and Zange? were dow showed the same kind of microfissure also in- 
among the investigators who first payed attention to ferior to the oval window on the promontory. These 
the presence o“ a microfissure between the posterior two types of microfissure appeared to be associated 
canal ampulla and round window niche. However, with each other since they were observed in almost 
it was Mayer*> who first described the microfissure the same vertical plane superior and inferior to the 
in various pa-ts of the temporal bone. While he oval window. The purpose of this study is to ex- 
mentioned six types of microfissure in vertical sec- amine in detail the microfissure in the area of the 
tions, he described two varieties of microfissure in oval window and to discuss its histogenesis and pos- 
horizontal sections: one between the posterior canal sible clinical significance. 
ampulla and -ound window niche, and the other 
superior to the-oval window between the middle ear METHODS 


and vestibule. During the years which immediately 


R z ; ; i in thi - 
followed these investigations the presence of a mi- ADRIE HS Gapa M Ehi adp Are iron She Teapot el banocaliso 


tion of the Department of Otolaryngology, University of Pitts- 


crofissure in these two locations was confirmed by burgh, housed in the Eye and Ear Hospital of Pittsburgh. Three 
Meyer,‘ but orly the one between the posterior ca- hundred and thirty-one human temporal bones from 226 cases, 
nal ampulla and round window niche appears to ranging from newborn to 102 years old, were studied for the 


presence, location, extent, appearance, and contents of the 
microfissure in the oval window area. Cases showing severe 
anomalies of the ear or evidence of temporal bone fracture were 


have been discussed by others.’ For some time 
after this peribc, there appears to have been no 


report conceming the microfissure. Recently, excluded from the materials. The specimens were fixed, decal- 
however, Okano et al!° reported on the microfissure cified, dehydrated, embedded in celloidin, and sectioned horizon- 
between the posterior canal ampulla and round tally at 20 u. Every tenth section was stained with hematoxylin 


window niche and Saito et al"! reported the ex- and eosin, and mounted for light microscopic study. 


istence of a microfissure in two locations in the tem- 
poral bone. Nomura* also noted the microfissure FINDINGS 
superior to the oval window between the vestibule 
and the facial canal, and called it a utriculofacial 
fissure. However, no detailed study focused on the 
microfissure superior to the oval window has ap- 
parently been indertaken. 


The microfissure in the oval window area was ob- 
served in 84 bones (25%) of the total 331 bones 
studied. The age distribution of the specimens is 
summarized in Table 1. The youngest age at which 
the microfissure was observed was 8 years old, and 
During the examination of human temporal the oldest was 102 years old. This table appears to 


*Nomura Y. Persmal communication. 
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TABLE 1. INCIDENCE OF THE MICROFISSURE IB THE 


OVAL WINDOW AREA WITH AGE 
eS 
No. of No. of Bor=s 
Age Group (yr) Bones Studied with Microfisą me 
0-9 174 1 0.6% 


10-19 27 4 15% 
20-29 11 5 45% 
30-39 11 3 27% 
40-49 12 8 67% 
50-59 25 14 56% 
60-69 33 23 70% 
70-79 17 9 53% 
80-89 13 12 92% 
90-102 8 9 63% 
Total 331 84 25% 


indicate that the microfissure occurs extremely rane- 
ly before 10 years of age and that it begins to >e 
observed after age 10, with the incidence increasing 
sharply at about age 40. The sex distribution of tern. 
poral bones with microfissures is summarized in Ta- 
ble 2. Apparently, there is no difference in distrib 1- 


TABLE 2. SEX DISTRIBUTION OF THE MICROFISSUR= 
IN THE OVAL WINDOW AREA 


No. of No. of Bone 
Bones Studied with Microfissære 
Male 169 45 27% 
Female 162 39 24% 
Total 331 84 


tion between the two sexes. Bilaterality of the mi- 
crofissure was studied in 105 cases which permitted 
the study of both sides. The result is shown in Tabe 
3, and appears to indicate that the microfissure s 


TABLE 3. BILATERALITY OF THE MICROFISSURE IN 
THE OVAL WINDOW AREA 


No. of 
Cases Studied No. of Cases with Microfissu re 


105 24 (23%) Bilateral 17 7 % 
Unilateral 7 2 % 


more commonly bilateral. Table 4 shows the bes 
tion of the microfissure in relation to the oval xir- 
dow, and indicates that in most instances the m erc- 
fissure is present both superior and inferior tc th= 
oval window (Fig. 1). In general, the microfisur2 


TABLE 4. LOCATION OF THE MICROFISSURE I? 


RELATION TO THE OVAL, WINDOW 
eee 


Microfissure Superior Microfissure Inferior 


to the Oval Window to the Oval Window No. of Bo- es 
Samat Se Oval Window No. of Bozes 
ol 61% 


Present Present 

Present Absent 20 246. 

Present ji 12 143 

Absent Present I 1.29 
Total 84 


*Could not be determined due to artifacts. 





Fig. L Left ear of a 22-year-old female shows A) the 
microfissire (arrow) extending superior to the oval win- 
dow, anc B) also inferior to the oval window, in almost the 
same rerical plane. Note that the microfissure connects 
the fedia canal (F) or middle ear (ME) with the vestibule 
(V). S - Stapes. (H&E, A) x37, B) x49) 


superior cc the oval window was larger and more 
distinct -han that inferior to the oval window. It 
may be imeresting to note that in each bone the 
fissures s2perior and inferior to the oval window ap- 
peared t be located in almost the same vertical 
plane. H>wever, in none of the bones did the micro- 
fissure extend beyond the annular ligament to the 
footplat> The extent of the microfissure was 
studied i- the horizontal plane and is summarized 
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TABLE 3. EXTENT OF THE MICROFISSURE IN THE 
HORIZONTAL PLANE 


Ne See 
Microfissuze Superior No. of Microfissure Inferior No. of 
to the Ovel Window Bones to the Oval Window _ Bones 


Connection Connection: 
Vestibule facial canal 29 35% Vestibule-middle ear 52 100% 
j middle ear 


Connection 


Vestibule-facial canal 23 28% 
Connection- 
Vestibule-middlesear 9 11% 
No connectiorm: 
Vestibular side oaly 22 26% 
Total 83 Total 52 


in Table 5. It should be noted that the microfissure 
connects the vestibule to the facial canal and/or 
middle ear in nost instances (Fig. 1), and that when 
there is no connection it is present only on the 
vestibular sid2 (Fig. 2). In the vertical plane, the 
microfissure superior to the oval window appeared 
to extend superiorly to the level of the lateral or 
superior canal ampulla, and the microfissure in- 
ferior to the oval window extended inferiorly to the 
level of the hook portion of the cochlea or less fre- 
quently to tke round window niche. In both in- 
stances, the microfissure was most distinct in the 
immediate vicinity of the oval window. Another 
important firding was that the vertical extension 
was always greater on the vestibular side than on 
the middle ear or facial canal side. Consequently, 
the connection between the vestibule and the mid- 
dle ear both superior and inferior to the oval win- 
dow took place only in a small area immediately ad- 
jacent to the oval window, and further vertical ex- 
tension of the microfissure was observed only on the 


vestibular side. 


The histological appearance of the microfissure 





“ 2 Ow -mn 


Fig. 2. R ght ear of a 71-year-old female shows that the 
microfissure (arrow) is present superior to the oval window 
only on the vestibular side and does not connect with either 
the facial canal (F) or middle ear. V - Vestibule. (H&E, 
x77) 
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Fig. 3. Right ear of a 63-year-old female shows calcifica- 
tion (large arrow) in the microfissure superior to the oval 
window. Small arrows indicate thin lines which limit both 
sides of the microfissure. (H&E, x710) 


in this region was identical to that of the microfis- 
sure between the posterior canal ampulla and 
round window niche, although the latter appeared, 
in general, to be wider. It was an extremely narrow 
space, observed in the otic capsule, filled with con- 
nective tissue-like substance, and mostly limited on 
both sides by thin lines which stained deeply with 
hematoxylin. Often the tissue showed an early stage 
of calcification (Fig. 3). A blood vessel was observed 
in the microfissures of two specimens (Fig. 4). Red 
blood cells without definite evidence of blood ves- 
sels were also observed in some specimens. In two 
other specimens, some of the nerve fibers to the lat- 
eral canal crista appeared to enter the microfissure 
(Fig. 5). In another specimen, inflammatory cells 
were observed to spread from the middle ear through 
the microfissure to the inner ear (Fig. 6). 


Interesting findings were observed in the cases af- 
fected by otosclerosis and labyrinthitis ossificans. In 
some cases of otosclerosis, the microfissure observed 
in the normal bony tissue disappeared at the border 
of the otosclerotic focus which occupied the area 
adjacent to the oval window (Fig. 7) so that it was 
not observed near the oval window. In one bone af- 
fected by labyrinthitis ossificans, the microfissure 
was observed only in the normal bone, and did not 
extend into the new bone which had replaced the 
inner ear spaces (Fig. 8). 


DISCUSSION 


Although the genesis of the microfissure is uncer- 
tain, several theories have been advocated. The ear- 
ly investigators™? believed that it represented a 
communication route for a blood vessel between the 
middle ear and the inner ear which had been first 
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Fig. 4. Right ear of a 73-year-old female shows the pres- 
ence of a blood vessel (arrow) in the microfissure superr 
to the oval window. V - Vestibule. (H&E, x390) 


described by Politzer.'? Then Mayer*® promsed a 
theory which stated that the microfissure wss a 
spontaneous fracture which resulted from meehzni- 





Fig. 5. Left ear of a 61-year-old male shows that san-enf 
the nerve fibers (arrow) to the lateral canal crista eer he 
microfissure superior to the oval window. (H&E, 200) 
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+g. 6. Left ear of a 51-year-old male shows the pres- 
enee of inflammatory cells (arrow) spreading from the 
miile ear (ME) to the inner ear through the microfissure 
infeior to the oval window. V - Vestibule. (H&E, x450) 


cal s:ress inside the otic capsule. He further stated 
his tvpothesis that the same mechanical stress 
wouid lead to the formation of an otosclerotic focus 
in individuals predisposed to otosclerosis. Meyer‘ 
suppcrted Mayer’s theory of spontaneous fracture, 
but lcoked with doubt upon the hypothesis concern- 
ing oosclerosis. Kelemen’ also supported Maver’s 
mechanical stress theory as the cause of the micro- 
fissure. However, Wittmaack® strongly opposed 
Mayer's hypothesis, considering many of the micro- 
fissures described by Mayer to be artifacts; how- 
ever, he did not consider the microfissure between 
the pasterior canal ampulla and round window niche 
to be an artifact, but he failed to give a clear ex- 
planetion for its occurrence. Brunner? expressed a 
similar opinion regarding the microfissures, but he 
thought that the communicating canal for a blood 
vesse was a likely explanation for those types of 
microfissure which were not considered to be arti- 
facts. Brühl” and Eschweiler'* considered that all 
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Fig. 7. Righ ear of a 66-year-old male with otosclerosis 
shows that the microfissure superior to the oval window 
disappears (arsows) at the border of the otosclerotic focus 
(O). ME - Middle ear; N - Normal bone of the otic capsule. 
(H&E, x152) 


microfissures were artifacts. Another theory was 
proposed by Szanto'* who pointed out that a me- 
chanical force such as increased intracranial pres- 
sure could lead to the formation of a microfissure. 
Okano et al'® recently reported the presence of a 
communication in early fetal life between the pos- 
terior canal ampulla and round window niche and 
considered tha- the microfissure took its origin from 
this communication. Saito et al'' stated that the 
microfissure oecurred after the formation of the 
bony tissue wes once completed; they considered 
that the inner ear blood flow had a collateral cir- 
culation from the external carotid artery through 
the microfissur2. 


The results of the present study show that appar- 
ently the micrcfissure is not an artifact, since it has 
been seen to cortain a connective tissue-like sub- 
stance, sametimes a blood vessel, red blood cells, 
nerve fibers, or inflammatory cells (Figs. 4-6). The 
present study, which demonstrates that the micro- 
fissure is not present at birth and starts to be ob- 
served with increasing frequency from a certain age 
(Table 1), appears to speak against the microfissure 
being congenite! in nature or embryologic in origin. 
Blood vessels and red blood cells were observed only 
in a small numter of specimens in this study. Conse- 
quently, the microfissure must not occur primarily 
as a communicating canal for a blood vessel, al- 
though it may ve pierced by a blood vessel secon- 
darily after its “ormation. At the present time, we 
feel that nontraumatic, spontaneous fracture by 
mechanical stress as first proposed by Mayer*’ is the 
most probable explanation for the occurrence of the 
microfissure. 


The results of the present study demonstrate that 


the microfissure in the oval window area is a fairly 
common occurrence, particularly after the age of 40 








Fig. 8. Right ear of an 82-year-old male with labyrinth- 
itis ossificans shows that the microfissure superior to the 
oval window does not extend (arrow) into the new bone 
(B), which has replaced the vestibule. E - Endosteal layer 
of the otic capsule; F - Facial nerve; N - Normal bone of 
the otic capsule. (H&E, x162) 


(an average of 66% of temporal bones from indi- 
viduals in this age range showed the presence of mi- 
crofissures). This finding is somewhat different 
from the incidence of the microfissure between the 
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Fig. 9. Summary diagram illustrating the typical rela- 
tionship of microfissures (arrows) to the oval window (O) 
and the facial canal (F). Both views represent the right ear 
viewed from the middle ear side (A), and from the vestibu- 
lar side (B). Note that the vertical extension of the microfis- 
sure is greater on the vestibular side (B) than on the middle 
ear side (A). 
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posterior canal ampulla and round window riche. 
Okano et al'° observed the latter microfissure in 
100% of the bones over six years old. The present 
authors also examined this microfissure in 320 tem- 
poral bones, from individuals ranging in age ‘rom 
newborn to 102 years old, and found it in 100% of 
the bones of individuals over 8 years old. Thus, the 
microfissure in the oval window area is a less con- 
stant structure than that between the posterier ca- 
nal ampulla and round window niche. This might 
reflect the difference in the mechanical stress ex- 
erted on these areas, or the difference in resistance 
between the two areas of the otic capsule. Our ob- 
servation that the microfissure between the pesteri- 
or canal ampulla and round window niche appears 
to be wider in general than that in the oval window 
area may be in accordance with more frequert and 
longstanding existence of the former microfisure. 


One of the characteristics of the microfissare in 
the oval window area is that in 61% of the bones 
with a microfissure it was present both supericr and 
inferior to the oval window in almost the same ver- 
tical plane (Fig. 9 and Table 4). This finding indi- 
cates that a typical microfissure in this regien ex- 
tends in the otic capsule vertically across the oval 
window, although it does not penetrate ime the 
footplate. It is noteworthy that the microfissuse was 
most distinct in the immediate proximity of tte oval 
window, suggesting the possibility that the micro- 
fissure first arises at the border of the oval window 
and then extends either superiorly or inferiorly to it. 


The microfissure was present only on the inner 
ear side in 26% of the bones with a microfissure, 
but was not present in any of the bones on the mid. 
dle ear side only (Fig. 9 and Table 5). A similar 
observation was made with respect to the micro- 
fissure between the posterior canal ampulla and 
round window niche. The above findings appear to 
indicate that the fracture which is seen postmortem 
as the microfissure may start from the inner ear 
side, as predicted by Mayer’s‘ theory of its genesis. 


The disappearance of the microfissure at the bor- 
der of an otosclerotic focus or ossified labyrinth is 
an interesting observation (Figs. 7 and 8). It cannot 
be determined with certainty whether the forma- 
tion of the microfissure took place before or after 
the pathological changes began in the otic cspsule 
or in the inner ear. The present authors consicer the 


former possibility to be more likely, in view of the 
findings that the microfissure did not extend into 
the pathological bones and that in cases of otoscler- 
osis the fecus was observed to intervene between the 
microzissure and the oval window. This also ap- 
pears t0 speak against the postmortem nature of the 
micro-is-ure. However, the present authors could 
find no evidence to indicate such a causal relation- 
ship between the microfissure and otosclerosis as 
was suggested by Mayer.*’ 


The maicrofissure should not be confused with 
histological evidence of temporal bone fracture, as 
pointed out by Kelemen.” Comparison of the mi- 
crofissure findings with histopathologic reports of 
tempcra bone fracture'®'® reveals that the 
micro-issure is different from this type of traumatic 
fracture doth in site and histological appearance. In 
cases of temporal bone fracture, a healing process 
by fibrous tissue and new bone is evident in a wide 
fissure. It arises from the periosteal layer of the otic 
capsule and the enchondral and endosteal layers 
show mmimal or no evidence of any reparative pro- 
cess. Im 2ases of microfissure, the fissure is usually 
narrow, filled with connective tissue-like substance 
often wh calcification but not with new bone for- 
mation, and sometimes observed only on the inner 
ear side. The difference between these two types of 
fracture may be ascribed to the supposition that on 
the one hand temporal bone fracture will be pro- 
duced by an unusually large but momentary force 
exerted en the otic capsule, while on the other hand 
the micmofissure will be due to constant stress inside 
the otic capsule. 


The clinical significance of the microfissure has 
not yet been clearly determined. The possibility 
that it may serve as a route for the spread of inflam- 
mation -rom the middle ear to the inner ear was 
pointed out a long time ago,'? and is well 
demonstrated in this study by F igure 6. It may also 
serve as a route for ototoxic ear drops to reach the 
inner ear.* One might also speculate that the mi- 
crofissure may form the basis for certain perilymph 
fistulas, which have come to attract attention in 
relation to sudden hearing loss due to labyrinthine 
windex rupture.” At the present time, however, 
there is ao evidence to support this hypothesis, since 
there is ao histopathologic report of such cases. 


*Nomar Y. Personal communication. 
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ber 26, 1981 at 5:00 p.m. at the Palmer House. It is 


Deadline for application is May Ist. Please contact Walter P.Work, MD, Secretary-Treasurer, at the American Board of 
Otolaryngology, 220 Collingwood, Suite 130, Ann Arbor, MI 48103 for the new application forms. 


This is the offic-al announcement. Please disregard any previous announcements concerning this examination. 


Ann Otol 90:1981 


ASSOCIATION OF A THYROGLOSSAL DUCT CYST AND A DERMOID 
CYST IN THE NECK 


A CASE REPORT 


J. G. HAAR, DDS, MD E. J. BOULOS, MD 
M. H. SADEGHI, MD J. SHEFFER, MD 


BrFFALoO, NEW YOFk 


The association of a thyroglossal duct cyst and a cermpid cyst in the neck s a very interesting pathological finding. Review of the 
literature could not establish any relationship between the two lesions, embryato zieal or otherwise. To our knowledge no previous similar 
case has been reported in the literature. 


CASE REPORT The 2xamination of the head and neck revealed a 

midlm= cystic swelling, 2.5 x 2.5 cm in size, in the 

The patient is a 39-year-old white mae who region of the thyrohyoid membrane. The mass 
presented with an asymptomatic swelling of the an- moved along the vertical axis with deglutition and 
terior neck discovered incidentally on routine work- tonge movements. There was no thyromegaly or 
up, six weeks prior to admission. aden » athy noted. The base of the tongue was nor- 





Fig. 1. A) Dermoid cyst wall showing epidermoid lining and <b ndant pilosebaceous structures in the stroma. B) 
Thyroglossal duct cyst wall lined by respiratory typ= ciliated epithel ır with characteristic thyroid follicles in the stroma. 


From the Departments of Otolaryngology and Head ane Ne<k Surgery and Pat relcsy, the Sisters of Charity Hospital; and the Departments of Oto- 
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Fig. 2. Sectior through an area of intimate association of 
the two lesions hows keratin-filled dermoid cyst in upper 
left margin anc thyroglossal cyst on right margin with 
metaplastic linir g. 


mal. The rest o° the examination and work-up was 
within normal imits. 


The patient underwent surgery for excision of the 
mass, a Systrurk procedure being performed. The 
postoperative ceuzse was uneventful. 


PATHOLOGY 


Multiple sectoons of the mass revealed features of 
a dermoid cyst (DC) and a thyroglossal duct cyst 
(TGDC) with ao communication between them. 
The DC was lined by epidermoid stratified squa- 


mous epithelium with skin appendages (hair folli- 
cles and sebaceous glands). There were some 
inflammatory cells (Fig. 1A). Its cavity was filled 
with keratinous material (Fig. 2). The TGDC con- 
sisted of a small cystic space lined by respiratory 
epithelium (ciliated pseudostratified columnar) 
with focal squamous metaplasia. The cyst wall con- 
tained several thyroid follicles filled with colloid 
(Fig. 1B). 


DISCUSSION 


We are presenting a case report of an association 
of a TGDC and a DC in the neck. Talekar et al’ 
have reported on the association of a teratoma and a 
TGDC. In the head and neck, the term dermoid 


cyst may apply to:?7 


1. Epidermoid cyst — an acquired implantation 
DC lined by squamous epithelium with no adnexal 
structures. 


2. Dermoid cyst — a congenital inclusion cyst 
formed by displaced dermal cells around the lines of 
embryonic fusion. It is lined by squamous epithe- 
lium with a variable number of skin appendages. 


3. Teratoid cyst — a congenital DC or teratoma 
arising from germ cells. It may contain any or all of 
the germinal structures. 


Under this classification, our case is an associa- 
tion of a TGDC and a DC proper. 
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PERINEURAL METASTASES ~ROM SQUAMOUS CELL CARCINOMA 
OF THE FACE 


THERAPEUTIC CONSIDERATIONS 


NATHAN GREEN, MD 


MICHAEL LANDMAN, MD 


Vss Nuys, CALIFORNIA 


Perineural metastasis from squamous cell carcinoma of the-facial skin can caæse disabling pain, paresis, soft tissue tumefaction, bone 
destruction, impaired function and impaired vision. Two jætieats with perineura_ metastases were treated with palliative megavoltage ir- 
radiation and interstitial therapy. The meastases were comrolled. Pain improvec. eosmesis, function and vision were preserved. 


Squamous cell carcinoma of the skin is a commen 
malignancy often readily curable by surgery cr ra- 
diation therapy.'-* Large or well-differentiater sk n 
cancers have a propensity to develop lymphati = m=- 
tastasis.*-° Less commonly observed has been sprezd 
of skin cancers along peripheral nerves. In the-heed 
and neck region perineural metastasis can ause 
distressing pain, paresis, soft tissue tumefactioa and 
bone destruction.*°* On occasion perin=ural 
metastases are amenable to palliative surgery and 
have been so managed with some success.® Although 
palliative irradiation has been employed, them has 
been a paucity of reports describing its use. Its -alue 
has been uncertain. This report reviews the ex- 
perience of two patients who developed perir=ural 
metastases following excision of a facial skin cancer 
with special regard to the biologic behavior ard the 
therapeutic implications. 


METHODS 


Between 1968 and 1976, 118 patients were seen in the Gwision 
of radiation therapy for cancer of the facial skin. One handed 
sixteen patients were referred for definitive irradiation. Bime-y- 
five patients had basal cell carcinoma and 21 patients squamcus 
cell carcinoma. Perineural invasion was not observed in th= his-o- 
pathology of these skin cancers. All skin cancers were treated w th 
100 kV orthovoltage therapy, using a spectrum of raetiation 
therapy techniques and time-dose factors. Three patients devel- 
oped local recurrences. No patient developed perineural m=*as-a- 
sis. Two patients were referred with perineural metastases frem 
squamous cell carcinoma of the facial skin. Perineural irvasson 
was observed in the original slide material of one patient=and in 
the biopsy of a local recurrence in the other patient. 


CASE REPORTS 


Case 1. A 64-year-old male had skin cancer of the right emple 
resected on October 14, 1974. Pathology showed squamams ell 
carcinoma with perineural invasion (Fig. 1). Over the ensuing 
months, he developed right facial pain, hypalgesia of th= richt 
fifth cranial nerve, loss of right corneal reflex, right sixtE nerve 
paresis and atrophy of the right masseter muscle. The ri ^t th 
through 12th cranial nerves were intact. X-ray tomogram of the 
skull showed sclerosis and erosion of the medial aspect of the 
greater wing of the sphenoid. An isotope brain scan, cor putr- 
ized axial tomograms of the brain, and carotid angiogram were 


normal. Berineural metastasis was thought to be the most likely 
explanatiwn for these findings. The patient received 4 MV acceler- 
ator irrackation to a treatment field that included the right temple 
and extradural space anterior to the level of the external auditory 
canal arc posterior to the level of the bony canthus of the right 
eye. The reatment field spared the right eye lens. A total dose of 
6,600 rad was delivered. Facial pain, absence of the right corneal 
reflex, aad right sixth nerve paresis persisted. A palliative 
neurosu>sical procedure was contemplated and seemed inadvis- 
able as tł= surgical risks were greater than the potential benefit. 
On Apr! &, 1976, the patient developed diplopia. Examination 
showed atirm, 4 cm right supraorbital mass with encroachment 
into the erbit and a separate firm 5 cm right hard palate mass 
with central ulceration. The metastasis occurred outside the 
radiation treatment field (Fig. 2). X-ray tomograms of the hard 
palate si »wed bony erosion. Biopsy of both sites showed squa- 
mous cellearcinoma. The location of the metastasis was uncom- 
mon for wascular or lymphatic spread. Both metastases were 
thought t» develop from perineural spread as they occurred along 
the distri sution of the fifth cranial nerve (Fig. 2). The supraor- 
bital tumer was treated with '**Au seed implant delivering 6,800 
rads, anc#otally regressed. Normal vision was restored. The hard 
palate metastasis was initially treated with parenteral methotrex- 
ate. Ther= was no response. Subsequently, an '**AU seed implant 
was dore delivering 7,300 rads. The metastasis totally regressed. 
By July € 1977, a painful left lung metastasis developed. Needle 
biopsy showed squamous cell carcinoma. The metastasis was 
treated wath 4 MV linear accelerator delivering a total of 4,000 
rads withegood response. Pain was alleviated. The patient died on 
June 4, 1578. 


Case = A 63-year-old male had a left temple skin cancer 
resected sugust 12, 1968. Pathology showed squamous cell car- 
cinoma ezising in a keratoacanthoma. On September 10, 1972, 
there wa an apparent local recurrence which was excised. Histo- 
patholoz~ showed this tumor to be a basal cell carcinoma. Neither 
biopsy showed perineural invasion. On May 11, 1974, the patient 
noted le& facial pain and paresis. An electromyogram showed 
scattered ‘ibrillation. Regenerative motor units were not seen. 
The skulie-ray was normal. A left facial nerve decompression was 
performe on July 29, 1974. When the nerve sheath was split, the 
nerve adeeared thickened, but no obvious tumor was observed. 
The ner was not biopsied. Postoperatively, the facial pain tran- 
siently mm proved. On October 4, 1974, there was a recurrence in 
the left «mple. Biopsy showed squamous cell carcinoma with 
perineur.. invasion. A wide excision was performed. The tumor 
extended mto the temporalis muscle. Postoperatively, the patient 
received 4 MV linear accelerator irradiation to a treatment field 
that incl ded the right temple, temporal bone and subarachnoid 
space. * »rty-five degree right angle wedged fields were used to 
deliver S00 rads. Facial pain improved but paresis persisted. In 
retrospec, the facial nerve paresis was thought to be caused by 


From the Department of Radiation Therapy, Valley Presby=riar Hospital, Van Nuy- California. 
REPRINTS — Nathan Green, MD, Valley Presbyterian Hospr al, 5107 Vanowen Street, Van Nuys, CA 91405. 
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Fig. 1. Microscopy shows infiltrating squamous cell car- 
cinoma with imvasion of perineural space (arrow). (x450) 


perineural metastasis. On May 8, 1975, a metastasis was noted 
superior to the megavoltage portal. This was thought to be a 
marginal recurrence and was treated with 250 kV x-ray, 3.5 cm 
cone delivering 5 700 rads. The tumor totally regressed. On April 
5, 1976, a left -orehead metastasis was noted anterior to the 
megavoltage poral This was treated with a 100 kV x-ray 4 cm 
cone delivering 5,100 rads. The tumor totally regressed. On 
September 5, 1976, the patient noted diplopia and impaired left 
lateral gaze. Exemination showed proptosis. Lumbar puncture 
and a computerized axial tomogram of the brain and orbit were 
normal. The clinical findings were thought to be caused by 
perineural metastasis along the fifth and sixth cranial nerves. The 
metastasis was treated with a 4 MV linear accelerator using a 6 
cm anterior portel to deliver a total of 4,000 rads at 5 cm depth. 
Proptosis resolved but diplopia remained unchanged. A concur- 
rent chest x-ray «showed a left upper lobe metastasis. This was 
treated by 4 MV linear accelerator delivering 5,100 rads. The 
lung metastasis totally regressed. When last seen on March 5, 
1978, the patient was clinically free of disease. 


DISCUSSION 


Squamous eell carcinoma of the skin has a known 
capacity for embolic spread through lymphatic or 
vascular channels.**:? Another ominous but uncom- 
mon pathway of spread is along the peripheral 
nerves. Tumor cells can invade the perineural 
space and spr2ad in a subtle and sometimes capri- 
cious fashion. Endoneural and perineural spaces ex- 
tend from the smallest ramification of the periph- 
eral nerves to -he central origin.™!° In the head and 
neck region, tnere can be centripetal or centrifugal 
spread along the cranial nerves to involve the 
subarachnoid space, bone and soft tissue.’~° 


tee 





Fig. 2. Crosshatched area designates the radiation portal 
to the central perineural metastasis involving the fifth and 
sixth cranial nerves. The dark area designates subsequent 
perineural metastases of the right supraorbital and hard 
palate area. 


The incidence of patients who develop perineural 
metastasis from facial skin cancer must be ex- 
ceedingly low. In our experience perineural inva- 
sion was not observed in skin cancers of patients 
referred for primary irradiation. None of these pa- 
tients developed perineural metastasis. However, 
the absence of detectable perineural invasion in the 
primary tumor does not preclude the development 
of perineural metastasis. This was illustrated by the 
experience of two patients referred with perineural 
metastases. Perineural invasion was observed in on- 
ly one of the original specimens. Both patients de- 
veloped perineural metastases along the central dis- 
tribution of the cranial nerves. Subsequntly there 
was spread to involve adjacent cranial nerves with 
ultimate development of metastases along the pe- 
ripheral distribution of the cranial nerves. Recur- 
rences also occurred at the margins of radiation 
treatment portals used to palliate the initial 
metastasis. Both patients developed hematogenesis 
metastasis to the lung late in the course of their 
disease. Of interest is that lymphatic invasion was 
not observed in the microscopy of the primary 
tumors and neither patient developed lymphatic 
metastasis. 


Perineural spread of facial skin cancer can cause 
distressing symptoms. Facial pain is an early com- 
plaint, often disabling and refractory to conserva- 
tive measures.*'° With tumor progression patients 
develop cranial nerve paresis, soft tissue tume- 
faction, and bone destruction. Neurosurgical mea- 
sures designed to alleviate pain may be of such mag- 
nitude as to preclude implementation, especially in 
patients who are otherwise incurable.'°'' Multi- 
stage palliative surgical procedures are usually not 
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justified because of the advanced stage of -he 
disease and the likelihood of recurrence.*:'?''’ Palli- 
ative irradiation has been used. Moore et al re- 
ported it may not be effective.'® This was not vur 
experience. In one of our patients, facial pain was 
effectively palliated. In both patients, the méra- 
cranial and peripheral metastases were controlled 
in an expeditious manner without sequela. Vision 
and function were preserved. However, althoagh 
disease was controlled within the treatment ~rol- 
ume, metastasis did develop outside of the radiation 
portals along with ophthalmic and maxillary divi- 
sions of the fifth cranial nerve. 


Ideal y radiation treatment regimens should take 
cognizanee of the potential pathways of tumor 
spreed. Subsequent perineural metastases might be 
prevented if initial treatment portals would encom- 
pass tne entire distribution of the involved cranial 
nerves. However, to do so, would require large 
treatment fields. In the head and neck region, this 
can cause inordinate morbidity. An alternative ap- 
proaca. which we employed, was to use treatment 
portals limited to the metastasis. Metastases that 
subsequently developed outside the treatment fields 
were readily controlled by additional treatment us- 
ing either "AU implant or megavoltage irradition. 
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PREHISTORIC TREPHINATION OF THE FRONTAL SINUS 
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Two examples of prehistoric trephination of the frontal sinus are presented. Both specimens were collected in Peru during the second 
decade of this centery and are currently preserved at the Museum of Man in San Diego. One of the skulls represents trephining by incision 
and the other by scraping. Both show signs of healing indicating that the operated individuals survived the procedure. No definite clues as 
to the indications for surgery were found in one of the specimens. Trauma involving the frontal sinus appears to have been the reason for 


trephination in the-other. 


INTRODUCTION 


Trephination of the skull is one of the most com- 
mon surgical procedures attempted by ancient 
man. Examples ot these operations are encountered 
in many primit:ve societies but are especially abun- 
dant among early Peruvian cultures. In prehistoric 
Peru the operation probably developed first in the 
more advanced Andean groups extending thereafter 
to those in the coastal region. Eventually several 
centers evolved 2ach with a more or less characteris- 
tic surgical tecknique. 


Examples of prehistoric Peruvian trephination 
are classified aceording to the shape of their surgical 
defect into three basic types: quadrilateral, round 
and irregular (Fig. lA-C). In the first type 
trephination resulted from bony cuts made with a 
sharp instrumert while scraping, or multiple burr- 
holes were the methods used in the other two. It 
must be noted that the ultimate shape of the 
trephination devended not only on the technique 
used. Osteitis frequently altered the configuration 
of the surgical defect resulting in a rounded or ir- 
regular opening. ' 


Controversy exists about the instruments used for 
trephination in ancient Peru. Among these the cres- 
cent shaped “Tumi” (Fig. 1D) and obsidian knives 
have been most frequently considered. Although it 
is likely that an instrument such as the Tumi was 
used, there is no art work or other archeological 
finding conclusively supporting this hypothesis. 


Indian surgeons attempted entrance into most re- 
gions of the sku 1, however, examples of trephina- 
tion of the fronza! sinus are rare. In fact, among 
over 300 specimers studied the authors have been 
able to find only 2 where the definite goal of the 
operation was t enter this cavity. They are the 
basis for this study and are currently preserved at 
the Museum of Man in San Diego. 


MATERIAL 


The specimens presented were collected in Peru 
during the second decade of this century by Hrd- 
licka* and have been partially described previously. 
In 1920, Burton? included them in a communica- 
tion covering otolaryngological findings in prehis- 
toric Peruvian skulls. In 1929, and again in 1931, 
Moodie’* referred to Burton’s study and included a 
brief description, two photographs and a radio- 
graph of Specimen I in separate studies discussing 
surgery in ancient Peru. The specimens merit fur- 
ther discussion because they have never been 
studied in the light of current otolaryngological 
knowledge and experience. Furthermore, preceding 
studies are incomplete and present conclusions 
which cannot be supported clinically. 





Fig. 1. A) Quadrilateral, B) round, and C) irregular 
types of trephination. D) Tumi knife. 
*Hrdlicka A. Catalog of anthropological specimens from Peru. Un- 
published data currently stored at the Museum of Man in San Diego, Calif. 


From the Division of Head and Neck Surgery, U.C.L.A. School of Medicine and Harbor-UCLA Medical Center, Torrance, California; The Peruvian 
Museum for the H2alth Sciences, Lima, Peru; and the Peruvian Consulate General, Los Angeles, California. 
REPRINTS — Rina dc F. Canalis, MD, Harbor-UCLA Medical Center, 1000 W. Carson Street, Torrance, CA 90509. 
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Fig. 2. (Specimen I) Frontal view showing trephination 
of the left frontal sinus. Arrows indicate opening into the 
sinus. Note widening of supraorbital foramen (F). 


SPECIMEN I 


Historic Background. This skull was collected in 
the vicinity of San Damian, a small village oc: ted 
on the western slope of the Andes at about 9.00 
feet above sea level. Exploration of the site, wLich 
in prehistoric times was dominated by a small `or- 
tress, has yielded a large number of human re- 
mains. These include 45 trephined skulls, some of 
which show evidences of preoperative fracture. The 
one described was retrieved from the surface ir an 
area previously disturbed by looters, a fact which 
prevents accurate assessment of its historical ge. 
After exhaustive study, Hrdlicka concluded ‘ha: all 
specimens found in this area were pre-Columb an. 
As there are definite indications that the practic of 
trephination had declined during the latter pant of 
the Inca period,’ approximately 1400-1532, # is 
likely that this specimen is at least 600 years ol. 


Description. The skull is that of an adult male, 30 
to 40 years old. Except for postmortem fractures of 
the occipital bone and left infraorbital rim it ex- 
hibits little deterioration. The mandible and raost 
of the upper teeth are missing. Surgical findings are 
limited to the left frontal sinus (Fig. 2). Entrance 
into this cavity was gained by three roughly pery en- 
dicular cuts at the medial, lateral and sapeior 
limits of the sinus. They are 1.2, 2.5 and 1.8 cm 
long respectively. Penetration into the sinus cavity 
is present at the midportion of the medial cut. These 
incisions exhibit smooth, rounded edges which ap- 
pear partially healed. Interestingly, the superior or- 
bital foramen also shows evidence of surgical in- 
tervention. Its inferior rim has been removed and 





Fig. 3. (Specimen I) Radiograph. Arrows indicate supe- 
rior and lateral limits of trephination. Note thickening of 
lef lateral wall. 


the fcramen itself is enlarged to a 0.5 cm diameter. 
The posterior wall of the sinus and the intersinus 
septum are intact. 


Radiographs confirm these findings (Fig. 3). The 
frontal sinuses appear to be well developed and of 
mod>rate size. The appearance of the right sinus is 
entirely normal exhibiting sharp edges and scallop- 
ing. Examination of the left sinus demonstrates that 
the leteral cut was placed just outside of the sinus 
wall. A defect is clearly seen along the superior inci- 
sion which is well within the upper extent of the 
sinus. The walls of the sinus show normal scalloping 
although thickening of the lateral bony wall is evi- 
dent. The nasofrontal ducts are intact. 


Comment. This skull is representative of a vari- 
ant o: the quadrilateral type of trephination and it 
presents several interesting features. It seems clear 
that the intent of the surgeon was to enter the sinus 
and taat his knowledge of anatomy allowed him to 
do so without violating the anterior cranial fossa. 
Cuts were limited to the anterior bulge of the sinus 
wall and the usual lower incision was omitted to 
avoid entering the orbit. 


Although it is impossible to exclude a ritual mo- 
tive for this operation it is likely that it was per- 
form ed for therapeutic purposes, possibly for local- 
ized pain. The ritualistic aspects of Peruvian 
treph_nation are not well known but it is generally 
accepted that they played a lesser role than in other 
civil zations.’ 


Previous authors’* speculated that trephination 
in this skull was done to treat an infectious process. 
Certainly, an acute preoperative sinusitis may have 
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Fig. 4. (Specimen II) Frontal view showing a well- 
healed trephin -tion of the right frontal sinus a Note or- 
bital assymetry Insert) Close-up view of the findings. Ar- 
row A indicate point of entrance. Arrow f shows fracture- 
displacement © medial portion of the supraorbital ridge. 


occurred but tl ere is no evidence in the specimen to 
support this. Tie radiographs show normal scallop- 
ing and there are no indications of expansion or dif- 
fuse osteitis of the sinus walls. The small area of 
thickening in the left lateral wall is within one of 
the osseous cu s and it is probably related to the 
operation. 


An interestirg finding is the surgical alteration of 
the supraorbitel foramen. This is highly suggestive 
that the operat »r severed, or in some way interfered 
with, the supraorbital nerve. Since this structure 
supplies sensatbn to the soft tissues and periosteum 
overlying the faontal sinus, such a maneuver would 
make the bone-cuts less painful and indicates some 
knowledge of reural function by the surgeon. Con- 
siderable atten-ion has been given to the use of nar- 
cotics, hallucizogens and alcohol as the possible 
“anesthetic” agents for these procedures.’ This find- 
ing raises the possibility that nerve crushing or sec- 
tion could have been used in conjunction with such 
drugs to achiev = some degree of pain control. 


SPECIMEN I 


Historic Background. The specimen was col- 
lected near Huacho, a coastal town 90 miles north 
of Lima. Buria sites in this location have revealed 
many interestmg archeological findings among 
which craniofacial fractures are frequent. The spe- 
cimen to be decribed is the only example of trephi- 
nation discovesed at this site. Again, because of 
looting and scatering of the remains in the area it is 
not possible to determine accurately the historical 
age of the speeimen. On the basis of the reasons 





Fig. 5. (Specimen II) Radiograph. Note normal outline 
of frontal sinuses. Arrow indicates point of penetration in- 
to the right sinus. 


previously explained for Specimen I it is probably 
over 600 years old. 


Description. This specimen is an incomplete por- 
tion of the skull of a male over 30 years of age (Fig. 
4). It consists of the fairly well-preserved maxillary 
and frontal portions of the face. The mandible and 
upper teeth are missing. Findings are limited to the 
right frontal sinus and orbit. The bone overlying the 
sinus shows an irregularly shaped, flattened area 
2.7 x 1.5 cm in size. In the center of this area there is 
a longitudinal opening (0.7 x 0.2 cm) into the right 
frontal sinus. Several lines of healed fractures are 
noticed along the superior aspect of the orbital rim, 
the medial aspect of which is depressed and dis- 
placed laterally. The entire area exhibits signs of 
healing as evidenced by bone regrowth especially 
noticeable around the edges of the perforation. The 
inner table of the frontal bone is intact. 


Plane radiographs (Fig. 5) show slight depression 
of the medial aspect of the superior orbital rim. In 
addition they demonstrate flattening of the anterior 
wall of the right frontal sinus and an irregular radi- 
olucency representative of the central perforation. 
Otherwise the outline of the frontal sinuses is nor- 
mal. The cavities are somewhat small and exhibit 
little natural scalloping. The nasofrontal ducts are 
intact. 


Comment. This skull is representative of the 
scraping technique of trephination and it is clear 
that the changes altering the normal appearance of 
the right frontal sinus were preceded by an injury. 
The healed fracture of the superior orbital rim, the 
depression of this structure and radiographic docu- 
mentation of these findings are all unrefutable evi- 


TREPHINATPN OF FRONTA.z SINUS 189 


dences of trauma. It may be argued that the frontal withir reach of this area. One, Cerro Trinidad is 
sinus changes are secondary to post-traumatic infe- less than 30 miles from the site, and the important 
tion, however, close examination reveals that they centers of Canta and Ancon are approximately 90 
are almost certainly surgical. These changes a-e miles distant. 
clearly limited to the anterior wall of the right sinas 
with avoidance of the anterior cranial fossa. In ad- 
dition, there is distinct saucerization toward tae iat hailed 
center of the sinus leading directly into the opening Three important conclusions may be derived 
in the anterior wall. from the study of these specimens: 

The fact that this is the only trephined specimen 1. Selective trephination of the frontal sinus was 
encountered in this area is intriguing, however, the practiced in ancient Peru. 


possibility exists that the individual in question was 
operated elsewhere and eventually died at the sit. 
Evidences of active travel during preconquest tim=s 
are abundant in this valley. The most striking is the 
finding of seven specimens exhibiting elongation vf 


2. Tae procedure appears to have been directed 
at the correction of sinus pathology. Localized pain 
and tlhe treatment of fractures are possible indica- 
tions fcr surgery. 


the skull (Aymara deformation), a practice whieh in 3. Swpraorbital nerve section or crushing may 
Peru is known to be exclusive of the Andean region. have been occasionally used to aid in the control of 
Furthermore, at least three trephination centers are pain during the procedure. 
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AFIP TRAINING PROGRAM IN HEAD AN” NECK PATHOLOGY 


A three-month fellowship is available to residents im training in otolaryngelogy as well as postgraduate fellows. This fellowship is 
designed to provide a broad-based understanding of pathalogs of the head and reck in one of the institutions with the most expertise and 
experience in this country. The curriculum consists of daily lecture periods discussing the pathology of the head and neck area, examination 
and discussions of interesting consultation cases, self study material and encearagement to undertake a publishable research project. 
Facilities for temporal bone dissection are available. 


Interested candidates may contact Vincent J. Hyams, MD, Chief, Otolamyngic Pathology, Armed Forces Institute of Pathology, 
Washington, DC 20306. 
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PATHOLOGY CONSULTATION 
NASAL (SCHNEIDERIAN) PAPILLOMAS 


JOHN G. BATSAKIS, MD 


PORTLAND, MAINE 


The mucosa of the nasal cavity and paranasal 
sinuses differs from the remainder of the airway 
system in that it is embryologically derived from ec- 
toderm. This uniqueness carries over into the mor- 
phogenesis of a controversial group of lesions: 
papillomas of the nasal cavity and sinuses. Con- 
troversy surrounding papillomas can be divided in- 
to problems relating to: a) nomenclature, b) his- 
topathology, c) biologic behavior, and d) malignant 
potential. 


Nomenclature. Perhaps no group of lesions has 
acquired so many names since their description. ! 
Even papillomas may be inaccurate since the 
neoplastie nature of the lesions has not been proven. 
The often-used term, “transitional,” carries an un- 
warranted implication that a histologically specific 
and identifiable epithelium gives rise to the 


papilloma. It is an ambiguous term and should be 
abandoned.’ 


Since the mucosa is embryologically unique, 
some recognition of this characteristic should be 
carried in the designation of its tumors. A term car- 
rying that recognition has been used in the past 
and, while eponymic, clearly identifies the mucosa 
and lesions derived from it. Schneiderian mucosa 
and Schneiderian papillomas are suggested as the 
most suitable alternatives to the numerous syno- 
nyms being used.* This name honors one of the ear- 
ly investigators, J. V. Schneider, and cannot be con- 
fused with any other anatomically located papil- 
loma (Fig. 1). 


Histopathology. Schneiderian papillomas arise 
from a proliferation of reserve or replacement cells 
of the mucosa. In its fullest expression, this pro- 
liferation assumes two basic architectural patterns: 
inverting, anc fungiform or exophytic. Mixtures 
may also occur. 


These two basic forms further segregate by rather 
specific localization in the upper airway. Fungi- 
form papillomas are nearly restricted to the nasal 
septum or its environs. Lateral wall and/or sinuses 
are typical sites of the inverted papilloma (Fig. 2A). 
Why such a distribution exists is unknown but there 


are significant implications for biologic activity and 
the surgeon is cautioned to always provide localiza- 
tion to the pathologist for an accurate assessment of 
clinical course. Septal papillomas tend to remain 
localized to the septum and association with car- 
cinoma is very rare. In contrast, lateral wall 
papillomas are often not restricted to the site, often 
show sinus involvement or are localized in a sinus, 
and have a significant association with carcinoma. 


The predominant cell type in either the lateral 
wall or septal papilloma is epidermoid. Vestiges of 
the overlying epithelium may be found with vari- 
able frequency. On occasion, an entire papilloma 
may be composed of modified columnar epitheli- 
um. If so constituted the diagnostic term, cylin- 
drical cell papilloma, has been used. ' 


Biologic Behavior and Malignancy. The major 
clinical and therapeutic problem with any form of 
Schneiderian papilloma is recurrence. Recurrences 
may be multiple and delayed. The rate of recur- 
rence, in major series, has ranged from 28% to 
67 % .* Lateral wall lesions manifest a higher recur- 
rence rate than those of the septum. Extension 
and/or metaplastic involvement occurs with lateral 
papillomas (Fig. 2B) but has not been documented 
from septal papillomas. 


Left untreated, papillomas can be locally inva- 
sive, especially the lateral lesions. Erosion of bone, 
and death by local extension is possible. 


Ascribing a premalignant quality to Schneiderian 


papillomas is unwarranted but a patient with a lat- 
eral wall papilloma is clearly at risk for the develop- 


Schneiderian Mucosa 


Schneiderian Papillomas 


Cylindrical Septal 
Cell papilloma (Fungiform) 


Lateral wall 
(Inverted) 


Fig. 1. Schneiderian papillomas arise from ectodermally 
derived mucosa and yield three histomorphologic varieties. 
The pure cylindrical cell papilloma is unusual and is 
predominantly a lateral xal or sinus lesion. 


From the Department of Pathology and Laboratory Medicine, Maine Medical Center, Portland, Maine. 
REPRINTS — John G. Batsakis, MD, Department of Pathology and Laboratory Medicine, Maine Medical Center, Portland, ME 04102. 
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Fig. 2. A) Typical low-power light microscœmic appearance of a “et=ra! wall, inverting Schneiderian papilloma. The 


lack of an inflammatory reaction is typical (H & E. x30). B 
rived from the literature. Note the preponderance of >apil 


ment of associated carcinoma. Associated is to be 
stressed since histologic documentation ef the 
transformation of a papilloma to carcinoma is | m- 
ited. This event likely represents less than 2% of the 
reported cases. The usual circumstance is that of 
squamous cell carcinoma arising in the same ana- 
tomic region but without evidence of origir from 
papilloma. This event is more common and a>prox- 
imates a frequency of 20% .4 


Treatment is surgical removal with a mazgir of 
normal tissue. Lateral wall lesions require mspec- 
tion of adjacent sinuses. Too-conservative exc-sio is 


Anatomic leeation of 211 Schneiderian nasal papillomas as de- 
mas involrim= both the lateral nasal wall and adjacent sinus. 


tantem dunt to recurrent disease. Radiotherapy has 
no rok in the primary management of a Schneider- 
ian pacilloma. 

SUMMARY 


Sct meiderian papillomas are unique lesions of the 
nasal cavity and paranasal sinuses. Most often epi- 
derm d in histologic appearance, the Schneiderian 
papi. ema favors two sites: the septum and lateral 
wall of the nasal cavity. In both sites recurrences 
are frequent. Papillomas of the lateral wall, in ad- 
ditior, have a significant association with car- 
cinoma. 
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X-RAY OF THE MONTH 


PLEOMORPHIC ADENOMA OF THE HARD PALATE 


ALFRED L. WEBER, MD 


BOSTON, MASSACHUSETTS 


PATIENT 


This 6l1-year-cld male complained of an enlarg- 
ing palatal mass of several years duration which 
had been causing his dentures to fit poorly. On ex- 
amination, a firm centrally ulcerated mass 3 cm in 
diameter was noted on the left side of the hard 
palate. 


RADIOGRAPHS 


The Waters projection (Fig. 1A) demonstrates a 


re 


A 





hemispherical density (arrow) projecting into the 
oral cavity on the left. A panorex view (Fig. 1B) 
reveals a mass (arrow) in the left alveolar ridge with 
bone displacement. The lateral tomographic section 
of the hard palate and adjacent floor of the max- 
illary antrum (Fig. 1C) shows biconcave cortical 
displacement superiorly with sharply defined bony 
margins. Note the homogeneous mass projecting in- 
to the oral cavity. The AP tomographic section (Fig. 
1D) reveals loss of bone and irregularity in the 
region of the left alveolar ridge, and some loss of 


Fig. 1A & B. 


From the Department of Radiology, Massachusetts Eye and Ear Infirmary, Boston, Massachusetts. 
REPRINTS — Alfred L. Weber, MD, Department of Radiology, Massachusetts Eye and Ear Infirmary, 243 Charles St., Boston, MA 02114. 
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Fig. 1C & D. 


bone in the floor of the left antrum. Note the slat- 
ly increased soft tissue density in the lowermost por- 
tion of the left antrum. The transverse extent p-o- 
jecting into the oral cavity is well delineated n tris 
view (arrows). 


DIAGNOSIS 


Biopsy revealed pleomorphic adenoma. At sır- 
gery the tumor mass was found to have infi traced 
the overlying mucosa and extended into the imferior 
portion of the left maxillary antrum. The tunor 
with its extension was totally excised. 


DISCUSSION 


Minor salivary glands are present througheut the 
oral cavity and adjacent structures of the heac and 
neck. Tumors of the minor salivary glands aceo nt 
for approximately 18% of all salivary gland tu- 
mors.’ The most common location of minor sal vary 
gland tumors, either benign or malignant, & the 
palate.’ 


Although tumors of the palate may also origir ate 
from the oral epithelium and from the conaec ive 
tissues beneath, about 44% of palatal tumors arose 
in the minor salivary glands in the series reportec by 
Hjertman and Eneroth.’ In this series, 56% of the 
salivary gland tumors of the palate were benign. all 
these were pleomorphic adenoma, also called mixec tu- 
mors. The predominant types of malignant tumors 


were mucoepidermoid carcinoma and adenoid cys- 
tic carcinoma.’ 


Intraoral pleomorphic adenomas appear as slow- 
growing, painless masses. They are usually encap- 
sulatec tumors located deep in the submucosa. Ul- 
ceraticon is rare and, if present, is likely to be due to 
denture trauma. If the mixed tumor is not com- 
pletely enucleated, it may recur.’ 


Mixed tumors contain mesodermal and ectoder- 
mal elements, although they may vary greatly in 
histol gic appearance.’ In a small number of cases, 
a benign pleomorphic adenoma may degenerate in- 
to a malignant mixed tumor.’ 


Roertgenographically, benign pleomorphic ade- 
nomas may demonstrate osseous involvement of the 
hard palate. Benign lesions of the hard palate do 
not invade the bone, but the expanding tumor can 
cause £ recess to form in the alveolar bone due to 
pressure resorption.’ Radiographically, a malignant 
tumor shows bone erosion with poorly defined 
marg- ns.and lucent mottling. In the case of a mixed 
tumor. however, the interface between the normal 
hard palate and the region of osseous involvement 
by th= radiolucent tumor is sharply defined by cor- 
tical bone, and the edges of the bony defect may be 
beveled upward.’ On some occasions, the tumor 
may perforate the bone and extend into the adja- 
cent nasal cavity or maxillary antrum. A soft tissue 
mass may project into the oral cavity. 


ACKNOWLEDGMENT — Special thanks to Paula R. Grisweid fr her assistance in preparing this case. 
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VESTIBULO-OCULAR AND OCULOMOTOR RESPONSES 
FOLLOWING BRAINSTEM CEREBROVASCULAR ACCIDENT 


PAUL KILENY, PhD 


A. F. WILSON, MD 


EDMONTON, ALBERTA, CANADA 


CASE REPORT 


A 73-year-old female was admitted with a sudden 
onset of vertigo and emesis. She had collapsed with 
a brief loss of consciousness at the onset of the symp- 
toms. There was no past history of blackouts, head- 
aches, vertigo, or hearing difficulties. The patient 
was hypertensive on admission with a blood pres- 
sure of 230/130. Her pulse was 88 and regular. She 
was vertiginous with an ataxic gait. No nystagmus 
was evident. Diplopia was present enhanced by left 
lateral gaze with a paresis of abduction of the left 
eye. A left neck bruit was audible. Skull x-rays, 
EEG, ECG and CT scan of the head were consid- 
ered normal. Cerebral angiography showed mini- 
mal luminal irregularities at the origins of both 
carotid arteries. The basilar artery appeared nor- 
mal. The patient was considered to have suffered 
from a small brainstem pontine stroke. She was 
treated symptomatically for control of the vertigo. 
The vertigo and diplopia subsided within 24 hours 
of admission to the hospital. 


Audiolegical and vestibular examinations were 
performed on May 17, 1979, six days following the 
vertiginous episode. At this time the patient re- 
ported that vertigo had not recurred since the night 
of admission, and it appeared that the paresis of ab- 
duction of the left eye had resolved. Audiometric 
examination revealed a mild symmetrical bilateral 
hearing loss, bilateral speech reception thresholds of 
35 dB, and good speech discrimination (92% , AD; 
96 % , AS). Tone decay and acoustic reflex decay test 
results were unremarkable. Brainstem audiometry 
suggested normal and symmetrical I-V interwave 
intervals bilaterally (4.08 msec). Tympanometry 
suggested normal middle ear function bilaterally 
and acoustic reflexes were elicited bilaterally at 
relatively low sensation levels. 


Electronystagmographic vestibular examination 
did not reveal any spontaneous, latent, or positional 
nystagmus. A slight overshoot in ocular calibration 
was noted (Fig. l, top trace). Smooth pursuit eye 
movements (pendulum tracking) were grossly brok- 
en up anc disorganized both for the right and the 
left eye (Fig. 1). Caloric nystagmus was absent 


bilaterally with eyes closed both to 5 and 10 ml ice 
water. With visual fixation a slight caloric nystag- 
mus became apparent (Fig. 2). 


A second vestibular examination was performed 
three weeks later (June 12, 1979). At this time 
ocular calibration was free of overshoot and a 
marked improvement in pendulum tracking was 
noted bilaterally as shown in Figure 1 (traces la- 
belled Jun. 12/79). Caloric nystagmus was present 
bilaterally with eyes closed; however there was no 
evidence of visual fixation suppression (Fig. 2, mid- 
dle trace). 


The vestibular examination was repeated for a 
third time 5'4 months following the initial ver- 
tiginous episode. None of the initial symptoms have 
recurred during this time. The voluntary eye move- 
ments — ocular calibration and pendulum tracking 
—manifested further improvement (Fig. 1, bottom 
trace). Visual fixation suppression of caloric nystag- 
mus was still absent, and the caloric nystagmus was 
characterized by dysrhythmia (Fig. 2, bottom trace 
labelled Nov. 28/79). 


DISCUSSION 


Patients suffering from hypertensive cerebral vas- 
cular disease are known to have pathological 
involvement of the small intercerebral arteries and 
arterials in addition to accelerated atherosclerotic 
changes in the major vessels. This patient did not 
demonstrate any significant major vessel disease 
and by exclusion was presumed to have had small 
vessel disease involving the brainstem, probably in 
the lateral pontine region. Her clinical findings in- 
dicated a dysfunction in the brainstem with rapid 
recovery of the major disabling symptoms. 


Failure of visual fixation suppression of postca- 
loric nystagmus is usually associated with CNS dis- 
ease, especially posterior fossa pathology.'? Thus, 
this phenomenon has been reported to occur with 
spinocerebellar degeneration, cerebellopontine an- 
gle lesions, cerebellitis, and vertebrobasilar artery 
insufficiency.? Furthermore, visual fixation sup- 
pression of vestibular nystagmus is lost following 
bilateral destruction of the cerebellar flocculus.‘ 


From the Department of Speech Pathology-Audiology, Glenrose Hospital, Edmonton, Alberta, Canada. 
REPRINTS — P. Kileny, PhD, Speech Pathology-Audiology Department, Glenrose Hospital, 10230 111th Avenue, Edmonton, Alberta, Canada T5G OB7. 
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Fig. 1. Ocular calibration and pendulum ee re- 
cordings six days (May 17/79), three weeks (Jun. 12°79) 
and 5'4 months (Nov. 28/79) following our patient’s ver- 
tiginous episode. Pend. O.D. (left hand column) - Right 
eye tracking; Pend. O.S. (right hand column) - Left eye 
tracking. 


Disorders of pursuit eye movements have also 
been associated with brainstem disease.’ Smooth 
pursuit deficiencies are most prevalent with cere- 
bellopontine angle tumors, cerebellar atrophy, 
basal ganglia disease, and vertebrobasilar insu fi- 
ciency.® The accuracy of saccadic eye movemetts, 
as in ocular calibration, is mostly affected by 
cerebellar lesions.°® 


Our patient presented initially with several œu- 
lomotor and vestibuloocular phenomena commonly 
associated with CNS involvement: marked bilateral 
breakup of pendulum tracking (ie, smooth pur: uit 
eye movements), a small but consistent calibration 
overshoot (ie, saccadic dysmetria) and absence of 
caloric nystagmus with removal of visual fizatbn. 
These aberrations were present at a time, six Gays 
following the initial episode, when the patient was 
essentially asymptomatic. Both ocular calibration 
and pendulum tracking returned to normal on 
subsequent examinations. The most dramatic 
recovery was noted in pendulum tracking. How- 
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Fiz. 2. Nystagmus responses to 5 cm? ice water calorics 
delivered to the left ear of the patient. Identical patterns 
were obtained following rigat ear irrigation (not shown). 
E.C. - Eyes closed; E.O. - Eyes open, fixating a light 
soures 


ever, although caloric nystagmus was obtained on 
subseyaent occasions with eyes closed up to 5'4 
months following the initial episode, visual fixation 
failec to suppress the postcaloric nystagmus. 


Several conclusions may be derived from this 
case. Smooth pursuit eye movements are extremely 
sensitive to conditions affecting the brainstem. 
Althcugh, according to the literature, there is 
overlap between sites of lesions documented to af- 
fect smooth pursuit eye movements and the visual 
fixation mechanism,’?* this case clearly demon- 
strates that one may remain impaired while the 
other recovers completely. Visual suppression of 
vestibu.ar nystagmus probably results from the in- 
hibitory effect of the cerebellar flocculus on ves- 
tibular nuclei.’ This inhibitory effect appears to be 
activated by visual input mediated through the in- 
ferior slive* or the superior colliculus.’ Our patient 
demorstrated lack of visual fixation in the absence 
of ary other indication of active CNS or particular- 
ly cerebellar disease. 


ACKNOWLEDGMENT — Chet DesRochers, MS, performed son= of the preliminary testing on this patient. 
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NINCDS NOTES* 


Four new members were recently appointed to the National Advisory Neurological and Communicative Disorders and Stroke Council 
(NANCDS). The new appointees are: Dr. Guy M. McKhann, professor and chairman of the Department of Neurology at the Johns 
Hopkins University School of Medicine; Father Robert P. Hupp, executive director of Father Flanagan’s Boys’ Home in Nebraska; Dr. 
Michael M. Paparella, professor and chairman of the Department of Otolaryngology at the University of Minnesota Medical School; and 
Dr. Juan M. Taveras, radiologist-in-chief at Massachusetts General Hospital in Boston. The new appointees will serve until November 
1984. 


Dr. Murray Goldstein, deputy director of the Institute since 1978, will head NINCDS during the transition period between the Febru- 
ary l retirement of D-. Donald B. Tower and the appointment of a permanent director. Dr. Katherine L. Bick, previously deputy director 
of the NINCDS Neurological Disorders Program, will temporarily assume Dr. Goldstein’s former position. Drs. Goldstein and Bick will 
continue in their new positions until a permanent Institute director is named. A search committee, under the guidance of NIH deputy 
director Dr. Thomas E. Malone, is now reviewing candidates for the position. 


A Spanish-language edition of NINCDS’s fact sheet on autism is now available on request from the Institute’s Office of Scientific and 
Health Reports. The samphlet describes possible causes, symptoms, treatments, and present areas of investigation for the developmental 
disability, which affects families of all racial, ethnic, and social backgrounds. The publication is the first of several new Institute pamphlets 
designed to inform the Hispanic community about neurological and communicative disorders. Spanish-language pamphlets on cerebral 
palsy and epilepsy are now in production. To obtain copies of “Autismo,” contact the Office of Scientific and Health Reports, NINCDS, 
9000 Rockville Pike, Bethesda, MD 20205; telephone (301) 496-5751. 

*This information is prepared monthly by the Office of Scientific and Health Reports, National Institute of Neurological and Communicative Disorders 
and Stroke, National Institutes of Health, Bldg. 31, Rm. 8A06, Bethesda, MD 20205, (301) 496-5751. 


THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
OF THE MOUNT SINA- SCHOOL OF MEDICINE (CUNY) 


Announces Postgraduate Courses 


RHINOPLASTY AND OTOPLAST™ 


(Cosponsored with the American Academy cf 
Facial Plastic and Reconstructive Surgery, ime.) 


June 14-18, 1981. 


Sidney S. Feuerstein, MD, Course Director: 3. James 
Baum, MD, Samuel M. Bloom, MD, Saul Eo fman, 
MD, William Lawson, MD, DDS, Frank E. _wecente, 
MD, Sigmund Sattenspiel, MD, and Guest Facut~: John 
Conley, MD, New York, NY, Irvin Fine, MD, Per h Am- 
boy, NJ, Mark Krugman, MD, Irvine, CA, E Gaylon 
McCullough, MD, Birmingham, AL, Lionelb Ponti, 
MD, Rome, Italy, Robert Simons, MD, Miami, FL. Ho- 
ward Smith, MD, DDS, New Haven, CT, Ridhard C. 
Webster, MD, Melrose, MA. 


Fee: $600. 


Sunday through Thursday, 9 AM - 6 PM 
(5 Sessions). 


This course covers the basic principles of rh moplasty 
including reconstructive surgery of the nasal septem and 
otoplasty. Basic lectures on surgery of the nasa äp will 
be thoroughly reviewed and discussed. Laboretcry dis- 
section on fresh cadavers will be coordinated with the 
lectures in addition to daily live and taped televised sur- 
gery. Anatomy, physiology, pathology, diagno is, plan- 
ning and evaluation in rhinoplasty will be thoraughly re- 
viewed. Management of the nasal septum with and 
without rhinoplasty will be presented. Corr-cion of 
nasal deformities including thorough discussior ef com- 
ponent parts and their relation to every other part with 
special emphasis on the nasal tip and nostrils, spcnting, 
correction of accompanying chin deformitie use of 
grafts for restoration of contour, plastic surger- in chil- 
dren and psychiatric aspects will be reviewed. ® anage- 
ment of nasal deformities associated with cleft palate 
and cleft lip will be presented. 


The technique and latest concepts developedair rhino- 
plasty will be discussed and taught including the breven- 
tion and correction of rhinoplasty sequellae. Tl < impor- 
tance of surgical judgment, proper associatien of the 
aesthetic and physiological requirements and rehods of 
improvisation will be stressed. Lectures on otoplesty will 
deal with etiology, pathology and surgery of defermities 
of the auricle secondary to errors in shape, sizeaad posi- 
tion. 


Cadaver dissection available for each studert. 
AMA Category I — 40 hours. 


FACIAL PLASTIC SURGERY 


(Cosponsored with the American Academy of 
Facial Plastic and Reconstructive Surgery, Inc.) 


June 19 - 20, 1981 


William Lawson, MD, DDS, Course Director: Jacob 
S. Aronofi, MD, Sidney S. Feuerstein, MD, and Guest 
Faculty: Jahn Conley, MD, New York, NY, William H. 
Friedman. MD, St. Louis, MO, Richard C. Webster, 
MD, Madirose, MA. 


Fee: $300 
Fridsy and Saturday, 9 AM - 6 PM (2 Sessions) 


This cowrse will cover the facelift procedure. It will in- 
clude lectt res on case selection, regional anatomy, oper- 
ative teehnique, complications and results. Attention 
will also ke given to ancillary procedures for the aging 
face. Cacaver dissection and surgical demonstrations 
will be utilized. 


AMA Category I — 14 hours 


COSMETIC SURGERY OF THE AGING EYE 


(Cossonsored with the American Academy of 
Facia Plastic and Reconstructive Surgery, Inc.) 


June 22 - 23, 1981 


Morris Feldstein, MD, Course Director; Ira Eliasoph, 
MD, Sidrey S. Feuerstein, MD, Virginia Lubkin, MD, 
and Guest Faculty: Jack R. Anderson, MD, New Or- 
leans, LA, Norman Orentreich, MD, New York, NY, 
David B Soll, MD, Philadelphia, PA, Richard C. 
Webster, MD, Melrose, MA. 


Fee: $300 
Monday and Tuesday, 9 AM - 5 PM (2 Sessions) 


The course is designed for those surgeons who have 
had some-experience in this field and wish more exhaus- 
tive anc eetailed instruction in cosmetic surgery as it ap- 
plies to the eye. In addition to lectures and films, a 
seminar ormat will be employed so that each partici- 
pant will be able to resolve his particular difficulties in 
group Cisscussions. 


Cadavers for surgery will be provided. 


Admission only after correspondence with the Direc- 
tor of The Page and William Black Post-Graduate School 
of Medicme. 


AMA Category I — 14 hours. 


As an organization accredited for continuing n=dical education, The Page and William Black Post-Graduate School 
of Medicine of the Mount Sinai School of Medsene (CUNY) certifies that these continuing medical education offer- 
ings meet the criteria, hour for hour, for Catæəry I credit of the Physician’s Recognition Award of the American 
Medical Association, provided they are used ane completed as designed. 


Apply to: Director, The Page and William Hack Post-Graduate School of Medicine, Mount Sinai School of 
Medicine, One Gustave L. Levy Place, New Yok, NY 10029, (212) 659-6737. A73 


_ The 1715 provides complex testing capability for : = 
diagnostic procedures and hearing aid peanas nia. 
at an affordable price! = 


e Two channels 
e Eleven discrete frequencies 
e Four speech modes Z 


e Automatic selection of masking signal =e 


K Pushbutton selection: of tone modes 
and output transducers. ee 


All this and much, much more aug Grason- a 

reputation for quality ard performance. — Nea 
The 1715 ... the multi-featured audiometer designed 
with the user in mind. | l | 


For further information on what the 1715 has to offer, call or write: Grason-Stadler, inc. 
agg Sea P.O. Box 5, Littleton, MA 01460 


617/486-3514 
Distributed outside U.S.A. by Grason-Stadler international, Inc. 
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PILLING INSTRUMENTS 
The Surgeon's Choice 


At the Pilling Dvision of Narco Scientific, 
we've been in the business of 
developing, producing, and supplying 
the “tools of the trade’ to surgeons 

for over 165 years. Through the 

years we've worked with leading 
Surgeons to provide the instruments 
that would simpli‘y the newest surgical 
techniques. This close involvement 
has resulted in the patenting of many of 
the features of Pilling instruments, 
including innovations such as Atraugrip® 
jaws and Life-Lok® box locks. 

Because we are one of the few 
remaining surgical instrumentation 
houses that maintains complete manu- 
facturing facilites, we totally control 
the quality of material and workmanship 
that goes into each product. And 
we can work cosely with innovative 
Surgeons to produce custom 
instruments to meet their exacting 
individual requirements...from design to 
manufacture to delivery. In fact, a 
significant portion of our business 
today includes the production of such 
custom instruments. 

We currently offer more than 4,500 
different cataloged instruments for use 
in your OR. Our dedication to 
innovative desian ideas and in-house 
manufacturing and repair facilities 
gives special confidence to those who 
specify Pilling instruments from 
Narco Scientific 

This folder features the new and the 
improved from our extensive product 
line. To obtain cetailed catalogs 
on these and otner products, simply 
complete and return the coupon on the 
back page. 

At the Pilling Division of Narco 
Scientific, we're cedicated to providing 
the service and quality you must have to 
satisfy your professional needs. 


New products, 
expanded product lines, 
improved services 
Vascular Clamps. Did you know that 
we offer more thar 350 vascular 


clamps — almost triple the number 
offered by any other manufacturer? 


Our Atraugrip® jaws completely 
occlude vessels without crushing the 
intima. And our Life-Lok® is the 
strongest box lock made. Ask for our 
Cardiovascular, Thoracic and General 
Surgical catalog. (Circle No. 1 on 
Coupon.) 





Plastic Surgery Instruments. Now 
you can have instruments with Narco 
Scientific quality for plastic surgery. 
Micro-surgical instruments, Scissors, 
forceps, rasps, rongeurs, needle 
holders. Ask for our new catalog. 
(Circle No. 2 on the coupon.) 





Laser Accessories. Our Pilling Division 
has been an innovator in laser 
surgery, working Closely with leading 
surgeons to develop essential hand- 
held laser accessory instruments — 
mirrors, aspirating tubes, retractors, 
measuring devices, microlaryngoscopes, 
speculums, forceps and many more. 
(Circle No. 3 for OB/GYN or No. 4 

for ENT laser accessories.) 





Endoscopic Instruments. Our 
selection of endoscopic instruments is 
the best in the world. Pilling endoscopes 
include designs by Jackson, Holinger, 
Tucker, Carlens, Jesberg and others. 
Also new — a telescopic rod lens 

for our bronchoscopes. (Circle No. 8.) 





Tracheostomy and Laryngectomy 
Tubes. We offer the most compre- 
hensive selection of reusable 
tracheostomy and laryngectomy tubes 
and accessories available to the 





profession. It includes everything from 
trachea tubes, laryngectomy tubes, 
cuff and cuff expanders, adapters and 
decannulation stoppers, to the 

Tucker and Kistner valves designed to 
allow for normal speech. (For more 
information, Circle No. 10.) 


General Surgical Instruments. Our 
complete line of general surgical 

instruments totals more than 1,200 
items, including an expanded line of 





hemostatic forceps. Also included 

in Our Geneel surgical line is =complete 
selectiom-of instruments for ©B/GYN 
Surgery anc our unique Gomez 

and Poly-Tract retractor syst@ms. 
(Circle Mo. 1.) 


ENT Instruments. Now our Billing 
Division offers almost 200 pcaular ENT 
instruments — speculums, sares, 
forceps, rongeurs, scissors, knives, 
Chisels, gouges, adenotomes curettes, 
tonsillectomes and more. (Circle No. 2 
for our new ENT catalog.) 





Fiber Optic Equipment. Difficult 
Surgical procedures demand ^e best 
possible lightng. Our Micro-V sion® 
headlights produce up to 20 percent 
greater light intensity than cor»entional 
systems. Most of our laryngea 
bronchial, esophageal and tracheal 
instruments can be delivered with 





fiber optic illumination. In fact, we can 
fit fiber optic lighting to just about 

any instrument, even non-Pilling 
instruments. (Circle No. 6.) 


Technique’ Tungsten-Carbide 
Instruments. Our new line of 
Technique™ needleholders, forceps 
and scissors has been expanded to 
include more than 175 instruments 

for both general and vascular use. With 
satin finished shanks, highly polished 
handles, and tungsten-carbide cutting 
or grasping surfaces, this superior 

line of instruments offers you glare- 
free precision, balance and craftsman- 
ship to meet the most demanding 
professional standards. (If you don't 
have our catalog, Circle No. 7.) 





Surgical Lighting. The unique Pilling 
Source® surgical lighting system 
uses a high-intensity Xenon lamp 
and new system geometry 
to produce brilliant, con- 
sistently uniform illumin- 
ation while virtually 











eliminating 
shadows. Daylight 
color clearly shows 
even subtle varia- 

tions in tissue. Low 
wattage requirements ' 
save electricity, reduce . 
air conditioning loads. Fingertip 
positioning. (Circle No. 11.) 


Our Repair Program For specific 


helps keep information, 
your instrument complete and mail 
costs down the coupon below. 
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Restoration of any surgical instrument, 1. Cardiovascular, Thoracic and 
regardless of manufacturer, receives General Instruments. RAL 


the same care thet our skilled craftsmen 2, Instruments for ENT/Plastic Surgery. 
put into making new Pilling instruments. 
Our Repair Program price list simplifies 3. a eaa for OB/GYN Laser 
returns and orders by enabling you vea: 

to estimate costs and delivery time in 4. Instrumentation for ENT Laser 
advance. (Circle No. 12 to get our Surgery. 


Repair Program |terature.) 5. Endolaryngeal Micro-Surgery 


Instruments. ae 


6. Fiker Optic Lighting. 
7. Technique™ Tungsten Carbide E 


In&ruments. 
8. Fiter Optics, Laryngeal, Bronchial, PANAR See ee 


Esophageal and Tracheal. 





Delaware Drive 


9. Gomez and Poly-Tract Retractor Fort Washington, PA 19034 
systems. Call toll-free: 800/523-6507 
10. Reusable Tracheostomy and (In PA: 215/643-2600) 


Laryngectomy Tubes. 


11. Source® Surgical Lighting 
system. 


12. Repair Program. 
13. Sternal Approximators. 
14. Price List. 


NARCO SCIENTIFIC, Pilling Division 
Delaware Drive, Fcrt Washington, PA 19034 


Please send me the following literature: 
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IOWA HEAL AND NECK CANCER 
AND RECONSTRUCTIVE SURGERY COURSE 
1981 
Jume 8-12, 1951 


Five-day course er to provide a basic understanding and rationale in the current 
surgical treatment of head and neck cancer. Lectu-es rm ersonal cadaver dissections 
will cover maxillectomy, fronto-ethr oidectomy, Shenoidectomy, parotidectomy ap- 
press to oral cavity resections and management of thyroid disease, conservation 
aryngectomy and the use of myoaraneous flaps. Also included is prosthetic vocal 
rehabilitation, the voice button, when and how te use it. 


FEE: $1000 
(Residents with letter from heac of department will get a 50% reduction.) 


Enrellment limited 


Contact: William R. Panje, MD, D:rector, Division of Head and Neck Surgery, Dept. 
of Otolaryngology & Maxillofacial Su-gery, University of Iowa, Iowa City, IA 52242. 
(319) 356-2797 or 356-2166. 


THE DEPARTMENT OF OTOLARYNGOLOGY 
AND 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
OF THE MOUNT SINAI 5CHOOL OF MEDICINE (CUNY) 


Announce a Postgraduate Course 
CONTROVERSIES IN OTOLARYNGOLOGY 


Under the Directien of Frank E. Lucente, MD 


Mount Sinai School of Medicine Faculty: Hug F. Biller, MD Stanley M. Blaugrund, MD; Richard J. 
Bonforte, MD; William Lawson, MD, DDS Simon C. Paris=r, MD; Peter H. Rubin, MD; Peter M. 
Som, MD; Alvin S. Teirstein, MD; Stuart E. Young, MD 


Guest Faculty: Richard J. Bellucci, MD; Charles D. Bluestone, MD: George A. Gates, MD; Ronald A. 
Hoffman, MD; Donald F. N. Harrison, MC; fra A. Polisar, “AD; Robert J. Ruben, MD 
May 26-27, 1981 
Tuesday and Wednesday, 8:30 AM - 5 PM (2 Sessions) 
This course will focus on areas of controversy in the management of patients with otolaryngologic 
diseases. Topics to be considered include: flexible and rigid erdoscopy, middle ear effusions, complica- 
tions of tonsillectomy and adenoidectomy, mdfacial fractures, airway management, cholesteatoma, 


epistaxis, maxillo-ethmoid sinusitis and heae end neck infections. Format will include lectures, panel 
discussions, problem case presentation and question-and-ansv=r periods. 


Fee: $225 including lunch House Staff: 8.25 including lunch 
This course will be given at the Mount Sinai Medica! Center, New York, New York 


Apply to: Director, The Page and William Blacx Post-Graduate School of Medicine, Mount Sinai School 
of Medicine, One Gustave L. Levy Place, New “ork, NY 10029212) 650-6737. A72 





Bactrim...A Majo 
For Acute Otitis 





herapeutic Choice 
edia in Children 


3actrim demonstrates 94% success rate 
in multicenter studies 


Recommended whenever, in your 
judgment, it aifers an advantage over 
other antimiaobial agents 


High efficacyagainst major otic pathogens 
Bactrimus highly effective agains: acute otitis media caused by susceptible 
strains of Str. pneumoniae (D. paeumoniae) or H. influenzae. An overall 
efficacy of 94% was reported in 2 multicenter evaluation* of 120 patients with 
acute otitis media due to these arganisms. The age range was 2 months to 13 
years, with an average of 3 years 


In vitro spectrum includes ampicillin-resistant 
strains of H.irfluenzae 


Note: Clinical information on tke efficacy of Bactrim in otitis media due to 
ampicillin-resistant H. influenzee is limited at present; further studies are in 
progress. 


Useful in patients allergic to penicillins 


Same safety profile as in other indications 
In pooled data* on 238 patients mceiving Bactrim for an average of approxi- 
mately 10 days, adverse effects were infrequent ard not serious. Although 
serious reactions can occur, non="were noted in these studies. Contraindica- 
tions to Bactrim include patients hypersensitive to its components and 
infants less than two months of age- 


Note: Bactrim should not be used in the treatment of streptococcal pharyngitis, since the 
eh incidence of failure has been greater than that of penicillin :n eradicating group A beta- 
= | hemolytic streptococci from the tonsiLepharyngeal area. 


EFA 


E ie *Data on file, Medical Department, Hoffmann-La Roche Inc. 
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P Economical... BID. .Cherry Flavor 


BACTRIM 


PEDIATRIC 
SUSPENSION 


Each taspoonful (5 ml) contains 
40 mg trimethcprim and 200 mg sulfamethoxazole. 


Please see following page for summary ® product information. 





BACT RIM <= 


(trimethoprim and sulfamethoxazole) 
HILGER 
Before prescribing, please consult complete product information, 


a summary of which folhows: F AC i A L N Ẹ RV F 
Indications and Usage: For the treatment of urinary tract infections dueto susceptible 

strains of the fellowingorganisms: Escherichia coli, Klebsiella-Enterobacter, Proteus 

mirabilis, Proteus vulgaris, Proteus morganii. It is recommended that initial episodes of ST i M U L AT O R 


uncomplicated urinary tract infections be treated with a single effectiveantibacterial agent 
rather than the combination. 


Note: The increasing frequency of resistant organisms limits the usefulness of all antibacterials, especially the original, accepted 

in these urinary tract infecWons. . . sy: 
For acute otitis media in children due to susceptible strains of Haemophilus influenzae or instrument for nerve excitability 
Streptococcus pneumoniae when in physician's judgment it offers an advantage over other testing in the evaluation and 
antimicrobials. Limitedsclinical information presently available on effectiveness of treat- g 2 

ment of otitis media with Bactrim when infection is due to ampicillin-resistant Haemophilus prognosis of facial nerve 


influenzae. To date, there ere limited data on the safety of repeated useof Bactrim in 
children under two years o° age. Bactrim is not indicated for prophylactic or prolonged 
administration in otitis media at any age. 

For acute exacerbations of chronic bronchitis in adults due to susceptibte strains of 
Haemophilus influenzae or Streptococcus pneumoniae when in physician's judgment it 
offers an advantage over a single antimicrobial agent. 

For enteritis due to susceptible strains of Shigella flexneri and Shigella sennei when an- 
tibacterial therapy is indiceted. 

Also for the treatment ef decumented Pneumocystis carinii pneumonitis. To date, this drug 
has been tested only in patents 9 months to 16 years of age who were immunosuppressed 
by cancer therapy. 

Contraindications: Hypersensitivity to trimethoprim or sulfonamides; pregnancy: aursing mothers; 
infants less than two months of age. 

Warnings: BACTRIM SHOULD NOT BE USED TO TREAT STREPTOCOCCAL PHARYNGITIS. 
Clinical studies show that patients with group A B-hemolytic streptococcal tonsillopharyngitis have higher 
incidence of bacteriologic f.ilure when treated with Bactrim than do those treated with penicillin. Deaths 
from hypersensitivity reactions, agranulocytosis, aplastic anemia and other blood dy rasias have been 
associated with sulfonamides. Experience with trimethoprim is much more limited | it occasional interfer 
ence with hematopoiesis has been reported as well as an increased incidence of thr ombopenia with 
purpura in elderlypatients »n certain diuretics, primarily thiazides. Sore throat, fever, pallor, purpura or 
jaundice may be early signs-of serious blood disorders. Frequent CBC’s are recommended; therapy should 
be discontinued if a significantly reduced count of any formed blood element is note: 

Precautions: Use cautiously ia patients with impaired renal or hepatic function, prssible folate deficiency 
severe allergy or bronchial «sth na. In patients with glucose-6-phosphate dehydrogenase deficiency, Recognized for its precision and reliability, 


hemolysis, frequently dose-rela.ed, may occur. During therapy, maintain adequate fluid intake and perform 


frequent urinalyses, with careful microscopic examination, and renal function tests, particularly where the HILGER FACIAL NERVE STIMULATOR 


disorders 





HILGER FACIAL NERVE STIMULATOR 


NOTE 


> [TEAS] 


MODELS 2 AND 2R 


t 


there is impaired renal function. Bactrim may prolong prothrombin time in those re: eiving warfarin; is the original instrument designed for clinical 
reassess coagulation time when administering Bactrim to these patients. Be 

Adverse Reactions: All major reactions to sulfonamides and trimethoprim are incuded, even if not evaluation of the facial nerve, clinical 
reported with Bactrim. Bload dyscrasias: Agranulocytosis, aplastic anemia, megaloblestic anemia, throm testing of muscle tissue viability and for nerve 


bopenia, leukopenia, hemovrtic anemia, purpura, hypoprothrombinemia and methemoglobinemia. Allergic 
reactions: Erythema multiforme Stevens-Johnson syndrome, generalized skin eruptions, epidermal 
necrolysis, urticaria, serumesickness, pruritus, exfoliative dermatitis, anaphylactoid reactions, periorbital 
edema, conjunctival and scleral injection, photosensitization, arthralgia and allergic myocarditis. Gastro The instrument features unique circuitry 
intestinal reactions: Glossites, s:omatitis, nausea, emesis, abdominal pains, hepatiti», diarrhea and specially engineered to facilitate very accurate 


ancreatitis. CNS reactions Hea eral neuritis, mental depress convulsions, ataxia, hall 
pancreatitis. C/o reactions. -He jache, peripheral neuritis, mental depression, sions, ataxia, hallu current measurements with readings 
cinations, tinnitus, vertigo, insomnia, apathy, fatigue, muscle weakness and nervoussess. Miscellaneous 


identification and testing during surgery. 


reactions: Drug fever, chills- toxic nephrosis with oliguria and anuria, periarteritis nodosa and L.E. phe- Statistically valid through the range of 0.3 to 
nomenon. Due to certain chemical similarities to some goitrogens, diuretics (acetazolamide, thiazides) and 10.0 milliamperes used for clinical testing. 
oral hypoglycemic agents, sulforamides have caused rare instances of goiter productvon, diuresis and 

hypoglycemia in patients, cross-sensitivity with these agents may exist. In rats, long term therapy with Model 2 is furnished with a replaceable battery, 
sulfonamides has produced thyroid malignancies. 

Dosage: Not recommended for infants less than two months of age. Model 2R with a rechargeable battery. 
URINARY TRACT INFECTIONS AMD SHIGELLOSIS IN ADULTS AND CHILDREN, AND AC’ TE OTITIS MEDIA IN Both models are equipped witha battery test 
CHILDREN. . . . 

Adults: Usual adult dosage før urinary tract infections — 1 DS tablet (double strengttm. 2 tablets (single meter and are supplied with a bipolar probe 
strength) or 4 teasp. (20 ml: b.i d. for 10-14 days. Use identical daily dosage for 5 days for shigellosis. for clinical testing and a pencil-sized 


“hildren: “4 -l ~ Hage It i j < f SC S g > ois media — ð { à â M 5 
C 1i a en Recommende d dosage for children with urinary i act infe cions or acute j nedi ] mg/kg probe for surgical use. The transistorized units 
trimethoprim and 40 mg/kg sulfamethoxazole per 24 hours, in two divided doses for 10 days. Use identical f l í 

daily dosage for 5 days for shigellosis. are compact and lightweight for use in 

For patients withrenal impairment: Use recommended dosage regimen when € reati ine Clearance Is office or operating room. 

above 30 ml/min. If creatinme dearance is between 15 and 30 ml/min, use one-half the usual regimen 

Bactrim is not recommended if creatinine clearance is below 15 ml/min. 


Usual adult dosage. | DS tabset (double strength), 2 tab blet ts (single strength) or 4 te. (20ml) b.i.d. for 
14 days. 


PNEUMOCYSTIS CARINII PNEUMONITIS. 
Recommended dosage: 20 mg/kg trimethoprim and 100 mg/kg sulfamethoxazole per24 hours in equal 


doses every 6 hours for 14 days. See complete product information for suggested chiidren’s dosage table. VR M E D i C A L 
Supplied: Double Strength ‘DS; tablets, each containing 160 mg trimethoprim and 80® mg sulfamethoxa- E L E( ; RO N } ( S ( O 
zole, bottles of 100, Tel-E-Dese* packages of 100; Prescription Paks of 20 and 28. Jabrers, eaeh containing 80 ad 


mg trimethoprimand 400 m: sulfamethoxazole — bottles of 100 and 500; Tel-E-Dose ™ packages of 100; 1995R WEST COUNTY ROAD B-2 

Prescription Paks ef 40. Peaatrre Suspension, containing in each teaspoonful (5 ml) ‘ve equivalent of 40 mg š , cas hie 

trimethoprim and 200 mg sutfamethoxazole; cherry flavored—bottles of 16 oz (I pint. Suspension, contain- ST. PAUL, MINNESOTA 55113 
Also from WR— 


ing in each teaspoenful (5 mal) the equivalent of 40 mg trimethoprim and 200 mg sulfamethoxazole 
fruit-licorice flavored—botties ef 16 oz (1 pint). JAKO FACIAL NERVE MONITOR 
WR SURGICAL NERVE STIMULATOR 
















ROCHE .ABORATORIES 
Division of Hoffmann-La Roche Ini 
Nutley, lew Jersey 07110 
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ELECTRIC RESPONSE 
AUDIOMETRY INSTRUMENTS 








Plug in expandability minimizes start-up costs anc pre- | 

















tects against obsolescence. Inexpensive basic sing =- C se ) Lo m 

dual-channel systems can be quickly expanded by aedirg masos Y lan AL oaa disons 

plug-in modules. Modules include a strip-chart recorcer | PWV | | 

which plots the averaged waveform on ordinary EKG enar | I | 

paper, a waveform processor which allows adding or ub mates ah, Ny S\ ls rT 

tracting separate averaged wavelorms, special click and | Hi yrs aan a N; 

masker generators, and a digital programmer for generatng | í wW | 

complex stimulus sequences | a Sn S T | 

State of the art design maximizes preformance: Av »l- = — — 

tude resolution of .02% full scale and time resolution o 51 ee ee a A 
points /msec.* give averaged waveforms of unsurpas=2d coustie neurmoma lying mostly in the intracranial space ("RETROCOCHLEAR’). Con 
clarity and sharpness. High pre-amplifier input impedance ni iag drehe k aala canien ae ic eae frr py Aa 
(10 Gigohms shunted by less than 10 pF) low internal nois prolonged The-AP was recorded with a non-traumatic electrode in the external ear canal 
(4.0 u V peak-to-peak) and high common mode reject or poe EN Vem ee ee ene ee ae sie palette 
(85 dB at 60 Hz) greatly simplify the task of obtaining noise- apne ea Ul lh F tel lp i 

free tracings nme warn dieniveduenci rebosa: 20-2 kM 


Backed by extensive service facilities: A nationwide 
network of Life-Tech approved service centers provides 


Ideally suited for clinical use: Simplified controls alow in- 
experienced personnel to obtain high quality records site 
minimal training. Safety features include optically isclaec one-day service in most of the continental United States. An 
pre-amplifier, low-leakage internal wiring design, the: Ma#ly extensively equipped and staffed home-office service de- 
protected power-supply, and implosion-protected camode partment supports the regional service centers 

ray tube. For adcrt.onal information, call or write: 


Life-Tech 


On-site installation: With purchase of a complete Ef sys- 
tem, trained Life-Tech medical field-service specialis's Val 


nstall the system and instruct the user in its operation 
A no 101E anc 8102t 
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Instruments, Inc. 


BOX 36221- HOUSTON TEXAS 77036 


j 783-64% 
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Advance Registrations Now Being Accepted 


TEMPORAL BONE 
SURGICAL DISSECTION COURSE 


EAR RESEARCH INSTITUTE 


In Cooperation With 
University of Southern California School of Medicine 


TWO WEEKS EACH 
March, April, October, November 1981 & 1982 


MAXILLOFACIAL 
SURGERY COURSE 


San Francisco 
June 13-16, 1981 


The 19th annual course will be given in San 
Franeisco in an expanded format to include 
such additional subjects as orthognathic sur- 
gery, maxillary and mandibular osteotomies, 
facia. reconstruction and surgery of the tem- 
poromandibular joint. 








Participants spend four hours daily in the dissection 
laboratory and four hours observing live telecasts of 
correlated surgery. Early evening lectures and films are 
preparatory to next day's training. Course includes de- 
monstration and practice of multiple approaches to the 
Structures of the temporal bone as used by members of the 







The distinguished faculty includes: 


Norman Rowe, MD, DDS, England 
Richard L. Anderson, MD, Iowa City 
Roger Crumley, MD, San Francisco 
Paul J. Donald, MD, Davis, Calif. 
John N. Kent, DDS, New Orleans 
David J. Kiener, MD, Davis, Calif. 
Paul A. Levine, MD, Stanford, Calif. 


Ronald S. Matsunaga, MD, DDS, 
Los Angeles 


and others. 


Contact: Leslie Bernstein, MD, DDS, 4301 X 
St., Sacramento, CA 95817. (916) 453-2801 







Otologic Medical Group, Inc. 






Each course limited to 24 board certified or board eligible 
otolaryngologists and residents. 







Tuition (U.S. Currency) 
Physicians — $1500 
Residents — $1200 
(With letter from Chief of Service) 







CME Credit: 100 Hours 





For further information: 






Antonio De La Cruz, MD, Director, Temporal Bone Surgical 
Dissection Course, Ear Research Institute, 256 South Lake 
Street, Los Angeles, CA 90057. A76 
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The Department of Otolaryngology, University cf Minnesota Medical School Announces 


Third Annual A three-day state of the art re- 
view for otolaryngologists, otol- 


[ n te ma t ] Ona | ogists, and audiologists on diag- 


° nosis, treatment and pathophys- 
Symposium iology of Meniere’s Disease, 


Sensorineural Hearing Loss, 


— Chronic Otitis Media, Verti- 
on Clinical Otology go, and Tympanosclerosis, 


and updates on Hearing Aids, 


September 3-5, 1981 Auditory Brain Stem Response, 
Radisson South Hotel Tympanometry, Radiology, and 


Minneapolis, Minnesota Cochlear Implants i 


National and International speakers, among others include: 


John H. Anderson, PhD, MD, Minneapolis Earl R. Harord, PhD, Minneapolis Charles M. Luetje, II, MD, Kansas City, MO 
Charles D. Bluestone, MD, Pittsburgh Lee A. Harber, MD, Iowa City Brian F. McCabe, MD, Iowa City 
Thomas A. Christiansen, MD, Minneapolis Albert Hohmann, MD, St. Paul William L. Meyerhoff, MD, Minneapolis 
Arndt J. Duvall, III, MD, Minneapolis John S. Huf , MD, Minneapolis Professor Tauno Palva, Haartmanink, Finland 
Professor Dr. U. Fisch, Zurich, Switzerland Professor L. B. W. Jongkees, Sr., Michael M. Paparella, MD, Minneapolis 
Victor Goodhill, MD, Beverly Hills Amsterdam, Netherlancs Maurice Schiff, MD. La Jolla 
Marcos V. Goycoolea, MD, Santiago, Chile Richard Lathaw, MD, Pittsburgh James L. Sheehy, MD, Los Angeles 

l David J]. Lim, MD, Columbus, OH 


For further information, please contact: Office Æ Continuing Medical Education, c/o International Symposium 
Box 293, Mayo Memorial Building, 420 Deleware Street, S.E.. Minneapolis, MN 55455, (612) 373-8012 


Equal Educational Opportumity 
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UNIVERSITY OF WASHINGTON 


Department of Otolaryngology — Head and Neck Surgery 
and the 
Continuing Medical Education Department 
in conjunction with 
Seafair — Seattle’s Summer Festival 
offer a symposium 


GREAT DEBATES IN OTOLARYNGOLOGY 1981 
August 6-8, 1981 


Guest Faculty: Robin Cotton, MD; Richard Goode, MD; Brian F. McCabe, MD; Eugene Myers, MD; 
Harold F. Schuknecht, MD; Harvey Tucker, MD; and Paul Ward, MD; plus Faculty 
from University of Washington. 


Program Director: Charles W. Cummings, MD 
Professor and Chairman, Otolaryngology 
University of Washington School of Medicine 


A panel format will highlight contemporary solutions to difficult diagnostic and management problems. 
For further information contact: Continuing Medical Education, SC - 50, University of Washington, 
Seattle, WA 98195, (206) 543-1050. 
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TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Department of Otorhinolaryngology 
University of Michigan Medical School 


Malcolm D. Graham, MD, Course Director 


May 4-8, 1981; June 1-5, 1981; Oct. 19-23, 1981; 
Nov. 30-Dec. 4, 1981; Jan. 18-22, 1982; 
March 8-12, 1982; June 14-18, 1982; 

Sept. 20-24, 1982; Nov. 8-12, 1982 


Intensive one-week courses emphasize the surgical 
and anatomical approaches to temporal bone and 
are presented in a manner relevant for the otologic 
surgeon, utilizing lectures, videotape presentations 
of surgical techniques and temporal bone dissection. 


INTERNATIONAL RHINOLOGIC SOCIETY 


POSTGRADUATE COURSE IN 
FUNCTIONAL SURGERY OF THE 
SEPTUM AND EXTERNAL 
NASAL SURGERY 


Motto: “The Extraordinary Role of the Nose 
in Health and Disease” 


June 16-19, 1981 
Hilton Budapest Hotel, Budapest, Hungary 


Course will be held in English; Discussion Groups in 
English, German, French, Japanese, Russian and Eastern 
European languages. 


Registration Fee: Before April 1, 1981 — $300 U.S. After 
April 1, 1981 — $400 U.S. Make check payable to: Inter- 
national Rhinologic Society — 1981. Registration will be 
limited to 150 participants. 


Apply to: G. H. Drumheller, MD, 1515 Pacific Avenue, 
Everett, WA 98201 USA. 


Reservations at the pe o Hilton Hotel are to be made 
directly to the hotel by the applicant. 


Mornings and afternoons are spent in the dissection 
laboratory giving extensive drilling expenience in 
both temporal bone anatomy and surgical tech- 
niques. Lectures and demonstrations provided by 
faculty of the Dept. of Otorhinolaryngology and 
Kresge Hearing Research Institute, blending basic 
science and clinical otologic instruction. Dissection 
instruments w-ll be provided. 


FEE — $1000 
50 Hours Category I CME Credits 


For further information contact: Malcolm D. 
Graham, MD, Dept. of Otorhinolaryngology, 
University of Michigan Medical Center, Ann Arbor, 
MI 48109, (315) 764-4131 or (313) 763-5115. A45 


Scholarships: Limited scholarships are available of $150 
U.S, 


Direct inquiries to: Dr. med. Z. Krajina, Klinika za Bolesti 
Uha, Nosa I GRLA, Medicinskog Fakulteta Sveucilista, 
Zagreb, Salata 4, Yugoslavia. A63 
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Need an impedance meter? 
Teledyne Avionics offers a choice. 


Ifyou need a diagr ostic instrument that can be easily transported, 
th en your choice should be Teledyne Avionics’ TA-4D. 
e All standard testr-¢ capabilites including Tympanometry, Contra- 
















= i S lateral Reflex, Ipsiateral Reflex and Audiometric Screening. 
* © e System expansion capability with accessory plotter. 
"x © è e Eonomical and rugged. 
e ae Ifyou need a clinical unit, then your choice should be Teledyne 
Aaxonics TA-2C. 
TA-4D e All standard testing capabilities including Tympanometry, Contra- 


lattral Reflex, Ipsilateral Reflex, Reflex Decay, Eustachian Tube 
Function Test anc tactual responses. 
e Urique automatc pressure sweep. 
= æ Ccnvenient dail, calibration of pressure and compliance. 

_ == f Wheher you need a diagnostic or clinical impedance meter, Teledyne 
ma | Ionics offers a choice. These sophisticated instruments provide the 
Gigital and analog accuracy to perform critical diagnostic testing. 
For specifications on the TA-4D or TA-2C and complete information on 
Eledyne Avionics’ audiometers and ERA instruments, write: 


4 TELEDYNE AVIONICS 


P.O. Box 6400 
Charlottesv lle, VA 22906 
(804) 973-271 
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Montgomery Tracheal Cannula* 


Boston [Aedical Products, Inc. 


The Montgomeme [-acheal Canna provides either temporary or long-term access 
to the tracheal a mvay in situations that require an artificial airway or where access 
is needed for puesoaary hygiene. 





The Montgome:y ‘racheal Trephi w Fenestrator ts specially designed to give the 
correct size and hape opening for ‘asertion of the Cannula. 


Both Cannula a4 -enestrator arc currently in production and are available from 
Boston Medical @rcducts, Inc. 


Address order: erinquiries to: 


Boston Medica! ?roducts Inc. 
120 Lewis Wha | 

Boston, Massae mpetts 02110 
617/523-3017 





* Montgomery We. Silicone tracheal cannula. Ann Otol Rhinol Laryngol 1980; 89:521-528 
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JOINT CENTER FOR OTOLARYNGOLOGY 


Beth Israel Hospital — Brigham and Women’s Hospital 
Harvard Medical School 


announces 


THE LARYNX — A SYMPOSIUM 
June 1-3, 1981 
Hyatt Regency, Cambridge, Mass. 
Course Director: Marvin P. Fried, MD 


This course is designed to update concepts and management in the broad range of laryngeal disorders 
from the most recent in basic physiology to the latest in treatment. Instruction will be via formal presen- 
tation, open question forums and detailed case analysis. 






















FACULTY 
Bernard Berman Max Goodman Ben Pilch 
Hugh Biller Gerald Healy Kenneth Rothman 
Beverly Blazar James Kelly Harold Schuknecht 
Gilbert Brodsky Frederick Mandell Marshall Strome 
Blake Cady Trevor McGill Harvey Tucker 
Thomas Ervin Samuel Meller H. Richard Tyler 
Richard Fabian Daniel Miller C. C. Wang 
Peter Feudo Eugene Myers Alfred Weber 
Marvin Fried William Montgomery Louis Weinstein 






Fee: $270; Residents $150 


For more information, contact: Harvard Medical School, Department of Continuing Education, 
Boston, MA 02115, (617) 732-1525. 
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OTOLARYNGOLOGIST 


wanted in 


STANLEY COUNTY, NORTH CAROLINA, 
a great pe to live, Pa worship and prac- 
tice medicine, located approximately 42 miles 
northwest of Charlotte. County has popula- 
tion base of 47,000 and has excellent living 
conditions, recreational facilities, and educa- 
tional systems. 


Community is completing construction of a 
completely new 130-bed, all private room, re- 
placement hospital facility which will have a 
twenty-six member medical staff representin 

the specialties of family practice, eena 
medicine, urology, general surgery, radiolo- 
gy, pediatrics, obstetrics and gynecology, pa- 
thology, ophthalmology, and orthopedic and 
hand surgery. 


H 


For further information send C.V. to Mr. 
Donald B. Logan, Stanley Memorial Hospital, 
Inc., P. O. Box 1489, Albemarle, NC 28001.4174 


FELLOWSHIP 





HEAD AND NECK SURGERY 







University of Iowa 
Department of Otolaryngology and 
Maxillofacial Surgery 
Division of Head and Neck Surgery 









One-year fellowship is being offered 
consisting of active involvement in the 
management of all aspects of on- 
cologic, plastic and reconstructive 
surgery Pi the head and neck. Teach- 
ing and research are also required. 
Must be able to obtain an Iowa medi- 
cal license. 










Contact: William R. Panje, MD, De- 
partment of Otolaryngology and Max- 


illofacial Surgery, University of Iowa, 
Iowa City, IA 52240, (319) 356-2166. 
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A superb texts... 
speak volumes ` 
to otolaryngologists 


NEW! 
CLINICAL Ne- 
= OTOLARYNGOLOGY 


By Vijay S. Dayal, M.B., M.Sc., F.R.C.S.(C) 


Complete. Concise. Current. This new book presents a «om- 
monsense, practical approach to a better understardirg of 
history-taking, physical examination, differential d=grosis 
and patient management. Straightforward line drawings, ased 
and found effective by the author in teaching, i tus rate 
Clinically relevant anatomy, differential diagnosis. Clearly 
organized by specific otolaryngological regions, it covers ap- 
plied anatomy and physiology, detailed descriptions of his-ory- 
taking, physical examination and investigations (laaore tory 
tests, x-rays, computed tomography), presenting symptoms of 
disease, then differential diagnosis. Especially helm ul as a 
Study guide and a quick review and reference. 304 Paces. 30 II- 
lustrations, Including 27 Halftones and 53 Line Drawings. ~ 981. 
65-06430. In Prep. 


HEARING 


m LOSS, 2nd Edition 


By Joseph Sataloff, M.D., D.Sc.(Med); 
Robert Thayer Sataloff, M.D.; 
and Lawrence A. Vassallo, M.S. 


The second edition of this practical and comprehensive 
volume continues to be a definitive guide to a chellerging 
medical problem. It includes the current and signifeart ad- 
vances in otology and audiology and, in a straigh forward, 
logical manner provides the principles and procecares for 
evaluating and treating hearing disorders. “... of grea value to 
everyone interested in the problem of hearing loss.” Jourral of 
Speech and Hearing Disorders. 425 Pages. 148 Ficures. 12 
Tables. 65-05721. 2/e, 1980. $30.00 














City/State/Zip __ 
—ayment enclosed* (save postage & handling) 


Pu! 





Ear Diseases, Deafness 


= and Dizziness 


By Victor Goodhill, M.D., F.A.C.S. 
14 Contributors 


Forty-fcur chapters, each one an important guide in itself, offer 
coverage of a wide range of ear disorders with emphasis on the 
medica’, pediatric and neurologic aspects of otology. Carefully 
chosem illustrations and line drawings (828 in all) add clarifica- 
tion and place stress on differential diagnosis. “Has no equal 
in the feld ... it is destined to become a classic.” Journal of 
Laryngs/ogy and Otology. 781 Pages. 828 Illustrations. 1979. 
14-098 22. $65.00 


The Voice and Its 


Disorders, 4th Edition 
By Margaret C. L. Greene, F.C.S.T. 


One o- the world’s leading authorities on voice and speech 
therap. reports on the current status of her field: information 
on surjical advances, electronic hardware, new knowledge of 
the voece function, technological strides, scientific assess- 
ment and diagnosis of vocal dysfunctions, and case studies 
whicherovide clarifying insights. “... one of the best introduc- 
tory textbooks on the physiology and pathology of the voice.” 
New Eagland Journal of Medicine. 446 Pages. 47 Illustrations. 
4le, 1980. 65-72754. $47.50 


Lipprncott/Harper 
East Washington Square, P.O. Box 1430 
Phil.<delphia, Pa. 19105 


Please send me the following: 
C inical Otolaryngology (65-06430) .............. In Prep. 
saring Loss, 2/6, (65-05 721) vic gcc kdccs awd ne $30.00 
=ar Diseases, Deafness and Dizziness (14-09812) ... $65.00 
Te Voice and Its Disorders, 4/e, (65-72754) ........ $47.50 


Nam 





Address a 7 _ oo 











Caarge & bill me (plus postage & handling) 263-81 

N@aster Chargel I 1 1 1 |11111111] |1 || 

Pitia aaa aeon 
Date 





“The aw requires that we collect state sales taxes where applicable. 
Pteese include the prescribed amount with your payment. 
Prices U-S.A. only and subject to change. 


Also available at your medical bookstore. 





ippincott/Harper = 


THE JOURNAL OF 


LARYNGOLOGY AND OTOLOGY 


(Founded in 1887 by MORELL MACKENZIE and NORRIS WOLFENDEN) 


Edited by 
JOHN BALLANTYNE 


Assisted by David Wright and John Booth 


Advisor in Pathology: Professor Imrich Friedmann 
The first British Journal dealing with this Specialty. 


Annual subscription £30. USA $75.00 including postage. 
Single copies - £5. USA $12.75 


HEADLEY BROTHERS 
THE INVICTA PRESS, ASHFORD, KENT, 
ENGLAND 


or from STECHERT-HAFNER, INC., 31-33 East 10th Street, New York 





This publication 
is available in microform. 


CETTE ee T 


AVAILABLE POSITION 


Massachusetts Eye and Ear Infirmary 


~~ 


and 
Harvard Medical School 


Full-time pediatric otolaryngologist, 
fully qualified in both specialties with 
commitment to teaching and research. 


ic. Ae 
A} i a 
~i 
Salary commensurate with academic 
rank. 


Contact: Harold F. Schuknecht, MD, 
Professor and Chairman, Harvard 
Medical School, Chief of Otolaryn- 
a Massachusetts Eye and Ear In- 
irmary, 243 Charles Street, Boston, 
MA 02114. (617) 523-7900, ext. 655. 


University Microfilms International 


Please send additional information 
Name 

Institution 

Street 

City 

State Zip 


300 North Zeeb Road 30-32 Mortimer Street 
Dept. PR. Dept. P.R. 

Ann Arbor, Mi. 48106 London WIN 7RA 
USA. England 





XXXi 


INFORMATION FOR AUTHORS 


Send manuscripts by first-class mail to Editor Ben H. Senturia, 
MD, 4949 Forest Park Blvd., St. Louis, MO 63108, or to Geeditor 
Brian F. McCabe, MD, University of Iowa Hospitals, low a City, 
IA 52242. Original manuscripts will be considered for pub! cation 
which deal with clinical and scientific aspects of otolaryngolegy, 
bronchoesophagology, head and neck, maxillofacial and plastic 
surgery, audiology, speech pathology and related specialties. `t is 
understood that manuscripts will not have appeared in amy other 
journal except society transactions. 


COPYRIGHT. In view of the Copyright Revision Act of E76. ef- 
fective January 1, 1978, all manuscripts must be accompaniec by 
a letter containing the following statement before they will be 
reviewed for possible publication: “In consideration of the AN- 
NALS OF OTOLOGY, RHINOLOGY & LARYNGOLOGY tak- 
ing action in reviewing and editing my (our) submission the 
author(s) undersigned hereby transfer(s), assign(s) or otherwise 
convey(s) all copyright ownership to the Annals Publishing Com- 
pany in the event such work is published in the ANNALS OF 
OTOLOGY, RHINOLOGY & LARYNGOLOGY.” We regret 
that manuscripts not accompanied by such a letter will hae to be 
returned, 


MANUSCRIPTS. Papers should be limited to a maximum o- 15 
double-spaced typewritten pages including tables and references, 
so as not to exceed the maximum of 6 typeset pages permitted in 
the new large Type “A” size ANNALS. This allows for one page of 
illustrations. If a manuscript of slightly greater length is aporoved 
by the Editorial Board all typeset pages in excess of 6 will be 
charged to the authors at the publisher's cost of $100 per page. An 
ORIGINAL and TWO CLEAR COPIES of the manuscript and 
ONE ORIGINAL SET OF ILLUSTRATIONS for reprecuc-ion 
and TWO CLEAR COPIES should be provided for xeview. 
Manuscripts should be typewritten on white bond paper#8 1/2 x 
1] in.). Use double spacing throughout with margins of at least 
one inch. Each manuscript component should begin om a mew 
page in the following sequence: title page, abstract and key 
words, text, acknowledgments, references, tables and legends for 
illustrations. Number pages consecutively in the upper right hand 
corner beginning with the title page. 


TITLES of manuscripts should be concise and informative and 
worded to facilitate indexing. 


RUNNING HEAD of no more than 40 characters (count letters 
and spaces) should be provided. 


GENERIC NAMES are to be used in the text and proprietary 
names with appropriate registration mark in the footnotes for 
pharmaceutical drugs. Include manufacturers of product: and in- 
struments in the footnotes. 


REFERENCES should be numbered consecutively im arabic 
numerals in parentheses in the order in which they are first men- 
tioned in the text and should be limited to 30, preferabiy fewer 
should be used. Use the style of references adopted by ‘he J.S. 
National Library of Medicine and used in Index Medicus. înc ude 
among the references manuscripts accepted but not yet publisaed: 
designate the journal followed by “in press” (in parentheses) In- 
formation from manuscripts submitted but not yet aeceoted 
should be inserted as footnotes only. References must be ver-fied 
by the author(s) against the original documents. Examples of cor- 
rect forms of references are given below. 


Journal 
Standard Journal Article (List all authors when six or less; 
when seven or more, list only first three and add et a’. 
Soter NA, Wasserman SI, Austen KF. Cold urticaria: release 
into the circulation of histamine and eosinophil chemotactic 
factor of anaphylaxis during cold challenge. N Enz J Med 
1976; 294:687-90. 


Books and Other Monographs 
Personal Author(s) 
Osler AG. Complement: mechanisms 
Englewood Cliffs: Prentice-Hall. 1976. 


and fractoons. 


197 


Corporate Author 
Amerean Medical Association Department of Drugs. AMA 
drug evaluations. 3rd ed. Littleton: Publishing Sciences 
Group, 1977. 

Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading 
micre organisms. In: Soderman WA Jr, Soderman WA, eds. 
Patho agic physiology: mechanisms of disease. Philadelphia: 
WB Saunders, 1974:457-72. 


ILLUS RATIONS should be original drawings, glossy 
photographs or half tones. Line drawings should be in black on 
white paper. Letters, numbers and symbols should be clear and 
even th-oughout, and of sufficient size that when reduced for 
publication, each item is still legible. Titles and detailed explana- 
tions of llustrations must be in the legends, not on the illustrations 
themselves. Each figure should have a label pasted on its back in- 
dicating the number of the figure, the names of the authors, title 
of the paper, and the top of the figure. Cite each figure in the text 
in consecutive order. If a figure has been published, acknowledge 
the origina! source and submit written permission from the 
copyright holder to reproduce the material. Actual publication 
cost o? Illustrations will be charged to the author. COLOR il- 
lustratic ms, where indicated, are acceptable for publication but 
the cast of color separations and printing must be borne by the 
author. Cost estimates will be provided upon request. 


TABLE 5 should be on separate sheets, numbered consecutively, 
headed Jy a concise title for each table. Place explanatory matter 
in footmotes. Cost of setting tables will be charged to the author. 


MEASUREMENTS should be expressed in the metric system. 
Audiozmams must be plotted according to ISO standards. 


ABSTRACTS should contain not more than 150 words and should 
state tne purposes of the study or investigation, basic procedures, 
main tindings and the principal conclusions. Emphasize new and 
impor-amt aspects of the study or observations. Use only approved 
abbreviations. 


KEY WORDS. On the abstract page identify three to ten key 
words cr short phrases that may be published with the abstract 
and will assist in cross indexing the article. Use terms from the 
medical subject headings list from Index Medicus whenever possi- 
ble. 


PERMISSIONS. Materials taken from other sources must be ac- 
comparied by a written statement from both senior author and 
publisher giving permission to the ANNALS for republication. If 
permiss on for publication is required by the author's institution, 
such =earance should be provided. Permission of subjects to 
publish photographs where subject may be identified should ac- 
compary manuscript. 


SUPPLEMENTS. A manuscript too long for inclusion in the AN- 
NALS may be published as a supplement if approved by the 
Board of Editors. All costs must be borne by the author; estimates 
of cos: will be provided upon request. Early publication of Sup- 
plements is often possible since printing of Supplements is ac- 
complished independent of the conventional ANNALS. 


PROQOFSaecompanied by prints of the illustrations will be sent to 
the senor author in ample time for corrections. Changes in the 
galley proots initiated by the author will be charged to the author. 


AUTHOR RESPONSIBILITY. All accepted manuscripts are sub- 
ject tc copy editing. The author is responsible for all statements in 
his work, including changes made by the copy editor and ap- 
proved by the author on the proofs submitted to him. 


REPRINTS. Rates are quoted when the proofs are sent. Orders 
must æ signed by the author and returned with the proofs. 


These quirements are in accord with “Uniform Requirements 
for Mar uscripts Submitted to Biomedical Journals.” Lancet 1979: 
1:428-~3). 


BEIE r 
THE PANJE 
VOICE PROSTHESIS 


CLARITY AND SIMPLICITY IN VOCAL RESTORATION. 
Se 


eae. 
| aa 
| Ns 


| A 


Restores Intelligible Speech 


Simple Fistula Procedure EE 
Universal Size 


Easily Removed and Inserted by Patient 
Excellent Clinical Results” 


Now available exclusively from Xomed. For further 
information or to place an order, call or write today. 


*Panje, William R. Prosthetic Vocal Rehabilitation Following Laryngectomy. 
Ann Otol Rhinol Laryngol 1981 Vol. 91 (Mar. -Apr. ). 

Xomed, Inc. 

8641 Baypine Rd., Jacksonville, Fl. 32216 

Call toll free 1-800-874-5797 

In Alaska, Hawaii or Florida call collect 

(904) 731-7109 

TWX 810-827-6439 

Xomed Canada 


106 East Dr., Brampton, Ontario L6T-1C1 
(416) 791-3665 





BOOK REVIEWS 


Speech-Hearing Pathology and Surgery 


Edited by Phyllis P. Phillips. Illustrated, 173 pp, 1981 diffs 
Speech and Hearing Series, Cliff Notes, Inc., Lincain, Ne- 
braska. Price $4.95. 


This book is the latest addition to the Cliffs Speech and Hee-ing 
Series. It covers in six chapters the most common disordes ir the 
ear, nose, palate, mouth, face, and larynx, treated by surgery. 


The material is presented in such a way that can be easily ead 
and understood by the layman. Each chapter provides an cower- 
view of the area to be covered prior to the description of the 
surgical procedure. Unfortunataely, some of the illustrations do 
not offer enough detail or explanation to have facilitased the 
reader’s comprehension of the subject matter. Missing in tis book 
is the glossary of technical terms which was usually ineuded in 
the previous books in the series. 


In general this book is recommended primarily to pat=nts.and 
all those involved in the care and/or the teaching of patent:. 


ARNOLDO KuUCZER, MD 


St. Louis, Missouri 


Pediatric Otorhinolaryngology 


Edited by Basharat Jazbi. Hard cover, black and white illustra- 
tions, indexed, 279 pp, 1979. Excerpta Medica, Am-teream. 
Price $58.50. 


This book is related to the recent increased interest in »ediatric 
ear, nose, and throat problems. The present text is an ortgre wth 
of the Second International Symposium on Pediatric Oto hinplar- 
yngology held in Kansas City in March 1978 and reflect mest of 
the proceedings of the meeting. As the editor, Dr. Jazbi-_ states in 
the foreword, the panel discussions of this symposium were not 
completely included and only part of the other proceedimgs œ the 
symposium were included. This book does have some 2xcelent 
papers and, like any textbook covering a field as large as ædñtric 
otorhinolaryngology, it suffers from some deficiencies. 


Unfortunately, not every paper was carefully edited ane too 
frequently seemed to be a mere transcription of the oral »res« nta- 
tion. Frequently the grammar was colloquial and therefore ~am- 
bling. Some of the papers are distracting from that standpoint. 
The typography with the narrow margins also creates same diffi- 
culty in reading. The major deficiency, however, lies inethe poor 
consistency of the discussion topics; some were excellent ane ad- 
dressed relatively specific subjects such as facial paælyss in 
children and lateral cervical masses in children. Others are-very 
general and with limited space allotments in the text resulted in 
only very superficial outlines of the present state of the-art. The 
subjects included titles such as “Allergy, Immunology, amd Pedi- 
atric Otolaryngology,” and “Ophthalmology and Pedia-ric Dto- 
laryngology.” In addition, the arrangement of papers is in a ran- 
dom order to cover the field of ear, nose, and throat. Thezrr=nge- 
ment provides for some variety while reading the book ora be- 
ginning to end but it is difficult when the reader attempt: to aden- 
tify areas when he desires to review a specific problem. 


The book provides global perspective including Eurosear and 
Australian authors and therefore gives the reader, who s used to 
North American thinking, a new and interesting pespeetive. 
Good reviews are provided by such authors as Ugo Fisch, Otto 
Jepsen, and T. Palva. Ian Flemming provides an excelEnt over- 
view of the very difficult problem of tracheal and subglettic-sten- 
osis in children. 


The unique contributions and wide variety of authcrs n akes 
the book a desirable and worthwhile contribution. The book is 
appropriate for practicing otolaryngologists as well as reideats in 
Otolaryngology and Pediatrics. 


Timotny J. REICHERT. MD 


St. Louis, Missouri 


198 


INDEX TO ADVERTISERS 


Beth Israel Hospital-Brigham and Women’s Hospital xxix 
Boston Medical Products xxviii 
Burrouzhs Wellcome Co. ii, v, vi, vii, xi, xii, xiii, 

fourth cover 
California, University of, Davis XXVi 
Ear Research Institute xxvi 
Eli Lilly and Company iii, iv 
Grasom-Stadler xv 
Harvard Medical School Xxix, XXXi 
International Rhinologic Society XXVii 
Iowa, University of XX, XXix 
Journal of Laryngology and Otology xxxi 
Karl Storz Endoscopy-America, Inc. viii 
Life Tech Instruments, Inc. XXIV 
Lippincott Company, J.B. XXX 
Massachusetts Eye and Ear Infirmary xxxi 
Michigan, University of xxvii 
Minnesta, University of, Medical School xxvi 
Mount Sinai School of Medicine Xiv, XX 


xvi, xvii, xviii, xix 


Narco Scientific, Pilling Division 


Richards Manufacturing Co. x 
Roche Laboratories xxi, xxii, xxiii 
Roerig — Division of Pfizer Pharmaceuticals ix 
Schering Corp. i 


Smith. Kline and French Laboratories xxxiii, third cover 


Stanle, Memorial Hospital xxix 
Teledyne Avionics xxviii 
University Microfilms International xxxi 
Washimgton, University of xxvii 
WR Medical Electronics Co. xxiii 
Xomed XXV, XXXii 
Zeiss, Carl, Inc. second cover 


Every precaution is taken to insure accuracy, but we cannot guarantee 
against the possibility of an occasional change or omission in the prepara- 
tion of this index. 














„Aut sh tadiff cr inc. 


h 


improved 
oria 


ORNADE 


Each Spansule“ capsule contains 75 mg. phenyləropanolamine hydrochloride 


and 12 mg. chlorpheniramine maleate. 





0% more decongestant! 


Now 75 mg. phenylprocanolamine HCI 





0% more antihistamine! 


Now 12 mg. chloroheniramine maleate 


...for the symptomatic cold and allergy relief’ 


most physicians want 
CONTAINS NO ANTICHOLINERSIC 


Before prescribing, see complete prescribing irformation 
in SK&F literature. The following is a brief sunmar~. 


Indications 


For symptomatic relief of nasa 


+ 


congestion, “aan 
nose, sneezing, itchy nose or throat. and itc ard 
watery eyes as may occur with the common old 


or In allergic rhinitis (e.g.. hay fever) 
N.B.: A final determination has not been mac= or the 
effectiveness of this drug combination in aceardance 


with efficacy requirements of the 1962 Amer=ments 


to the Food. Drug and Cosmetic Act 
Contraindications: Hypersensitivity to either ing dient: 
concurrent MAO inhibitor therapy: severe + yperenson 
lower respiratory tract conditions including asthma 
Coronary artery disease slenosing peptic ulcer wic oduo 
denal or bladder neck obstruction. Children uncer 2 
nursing motners 


-r 


Warnings: Caution patients about activities requiring alert 
Ness (€.g.. operating vehicles or machinery). Wern ratients 
of possible additive effects with alcohol and other CHS 


depressants 


3 SmithKime company 





i] ) ) , ry a van F ` ` co \ 7 r f i ANA 
sage 9 Pregnancy. Use in pregnancy and women who 


might bear children only when potential benefits ot itweigh 


possibl<"hazards 


Precautions: Use cautiously in persons with cardiovascular 
aisease glaucoma. hypertension. prostatic hypertrophy 
nyper nyroidism 
Adverse Reactions: Drowsiness. excessive dryness of 
nose. toroat or mouth. nervousness or insomnia. Also 
nausea Vomiting. epigastric distress, diarrhea. rash 
OiZZiINeE=s, weakness, tightness of chest, angina pain 
abdominal pain, irritability, palpitations, headache. incoor 
dinatior. tremor, dysuria. difficulty in urination, thrombo- 
cylope2ta, leukopenia, convulsions, hypertension, hypoten 
sion anorexia. constipation, visual disturbances 


ey 
~ A aTa Tt C 
aiabeles 


Supplied: Bottles of 50 capsules: in Single Unit Packages 


of 100 capsules (intended for institutional use only 


Smith Kline &French Laboratories 
Ph tadelphia, Pa. 


OSm> nKine Corporation, 1861 














The choice 
is yours... 
Please specify 

according fo your 


patient's condition 
and need. 










. | 
“Foret over 


> 









Cortisporin’ Otic Cortisporin Otic 


SOLUTION... SUSPENSION... 


(polymyxin B-neomycin-hydrocortisone) (polymyxin B-neomycin-hydrocortisone) 


The clear solution The white suspension 


Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome North Carolina 27709 













vw 
N ee ASAMODELFOR > i 
ANALYSIS OF ATRESIA AURIS CONGENITA 


phi 
+1 


A MICROSURGICAL AND HISTOLOGICAL STUDY 


Ai, r T RT N 


$ 
Manfred Weidenbeckiar, MD 


t 
a 
om 
~ 


A 
r4 
D 
Pm nga A 
G 
"4 í 
— 
ote = 
tt! Ae oe? fi T 


>_> 


at 


vPro i E T tet 
„> - ~ pi 7 
dat A gi ` 
i ot d RI . > 
y -i1 < ` E. 
- Aa We a 
4 | ; eS 
~ 
ai 
` 
Dus 
ATIA on 
= 
_ 


Ws 
a 
— 
-> 


é a a 
E baron 9 me 
ch 
= — 


‘te 3s: 





| 
ia 
3 j ] 
a l 
41 l £ 
f f ] E 4 , f 


K BS Bik Peg ANNALS OF HEAD AND NECK MEDICINE & SURGERY 


` E 


> 


‘ Ipo- - 
ite IE on p —_ ee Sees” 
oe u ` P K taara Vee =r t 
5 > ig ¢ $ — 
= L a, r E EA , - = 
"TE 
i : 


; 
| 
Pier? IES 
Bf a> 
: piss 





THE ANNALS OF OTOLOCY. RHINOLOCY & LARYNGOLOGY P 


j 
Tyi; Mee? 
Lae) Map OU i 
-7 a - 
ni ra fis " 





"AMIN A-INDUCED EAR MALFORMATIONS I? IN (RATS | A 


4 

i r e 
‘be x SY 
ae i . w 
À 7 7 
! -e "< 
E i "œ 

So 









i 


Pt 


` THE ANNALS PUBLISHING COMPANY | 
4949 FOREST PARK BLVD. ' 
ST. LOUIS, MISSOURI 63108 


COPYRIGHT 1981, ANNALS PUBLISHING COMPANY 


CONTENTS 


E fu che epee A uaa iy a PER adden mine ia 
Goals 
Atresia Auris Congenita 


t a 99 ie hp At Sohne ls WE EIEEE abd Shae A odie ak doc 0 don gs 


Observations on Experimentally Produced Atresia Auris Congenita in Rat Fetuses 
Formation of the Atresia Plate 
Observations on Experimentally Induced Atresia Auris Congenita in Adult Animals 


i “eis Satenine AAE TTET E TE Bu Dias aud bebhiidaeewiysink di aeieausawenancancnn. 
Suspected Mode of Action of Teratogeaic Substances 
Deformed Ears and Neighboring Regicns 
Clinical Meaning of the Experimental Results 


VITAMIN A-INDUCED EAR MALFORMATIONS IN RATS AS A MODEL 
FOR ANALYSIS OF ATRESIA AURIS CONGENITA 


A MICROSURGICAL AND HISTOLOGICAL STUDY 


MANFRED WEIDENBECBER, MD 


ERLANGEN, GERMAN" 


Teratogenic damage was induced in pregnant Wastar rats with an overdose ef vitamin A to clarify the genesis of the atresia plate, the 
behavior of the facial nerve, and the rotation of the middle ear. Results sugges*ed that contradictory statements in the literature concerning 
the atresia plate could be explained in the following way: the plate does not aise from a single branchial arch. The os tympanicum, the 
pars squamosa of the temporal bone, and the hyperplastic labyrinthine capsale share in its formation. Findings similar to the human 
atresia auris congenita, such as malformation of the awricle, atresia of the extemal ear canal, and changes in the ossicles and lumen of the 
middle ear space, were obtained. A cranial and labyrmthine dysmorphia !eacsto rotation of the middle ear and a walling-in of the facial 
nerve, which explains its functional disturbance. Extreme variations in the course of the facial nerve were not found. In 62 cases of severe 
human ear malformation, the operative findings corresponded to the experimentally produced ear malformations. 


INTRODUCTION At-esia Plate. The atresia plate is 2-12 mm thick, 

GOALS bony partly homogeneous, and partly spongy. 
Until now, no successful explanation of he gene- Liiseaer® states that it is divided by fibrous tissue in- 
sis of ear atresia has resulted from histolcgical in- to a medial and lateral lamella. The atresia plate is 
vestigation of human temporal bone pathology.'-? the ærder between the external canal and the mid- 
The creation of similar malformations in an animal dle ile The tympanic membrane is usually absent 
model was undertaken by inducing texatogenic or rudimentary.’ The plate is reported to lie medial 
damage in rats with overdoses of vitamir A. The to ta2 position where the eardrum is normally lo- 
following questions were posed: catec and is united with the tegmen tympani. The 


plate continues downwards into a network of bony 


. that : s the atrei : 
l. From what structures does the atresia plate trabeculae, which extend to the middle ear spaces. 


arise? 
2. Is the bony deformity and displacement of the The genesis of the plate is unclear, as indicated by 
external auditory canal related to excessiveor inhib- the raany hypotheses in the literature: 


ited bony development? 


3. What causes the rotation of the m ddle ear 
seen in human ear malformation? 


l Proliferation of the styloid processes in combi- 
nation with the os tympanicum.® The end of the 
stvlewd process projects from below like a club into 

4. Is the observed atypical course of the facial the raiddle ear space, forming a morphologic unity 
nerve in the temporal bone an exceptiona or com- with the tegmen tympani. 


mon occurrence? j l 
2 Hypertrophy of the styloid process in combi- 


nation with hypoplasia of the os tympanicum.®™?° In 
these cases the os tympanicum is found as a rudi- 
mentary structure in the form of an arch or plate. 


5. Is complete or incomplete facial nerve paraly- 
sis caused by a dysplasia of the facial nerve due to a 
mechanical disturbance of the nerve’s course through 
the temporal bone? 

3. Hyperplasia of the os tympanicum." The hy- 
ATRESIA AURIS CONGENITA perp astic, concentrically growing os tympanicum 
narrows or closes the external auditory canal 


Atresia auris congenita includes a grow of con- aga mst which the hyperplastic styloid process rests. 


genital ear dysplasias of different forms aad severi- 


ty. Malformations occur when damage tzkes place 4. Hyperplasia of the pars mastoidea.'? Because 
before the end of the second fetal month. Yirchow’ of avpoplasia of the os tympanicum, the pars 
stated that the cause is not only simple suş pression, mastoidea undergoes compensatory hyperplasia. 


but “active, irritating, locally active, ir-eversible 
exogenic proceedings.” Often aplasia or hepoplasia 
of the os tympanicum is found, and the nandible 
articulates with the anterior part of the mastoid 


9. Process of the pars squamosa. Some investi- 
gators saw the atresia plate as a caudally directed 
proeess of the squama of the temporal bone. 


process. Furthermore, the pyramid is char ged in its 6. Concentric narrowing of surrounding struc- 
orientation to surrounding structures: it s rotated tures Deutsch’? considered the genesis of the atresia 
medially and downward.° plate to be a concentric constriction of all surround- 


From the Department of Otolaryngology, University of Erlangen-Niirnberg, Wes sermany. 
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TABLE 1. PATHOLOGICAL CHANGES IN FETUSES 








% of 
Change Animals 

Malformation and malposition of the auricle 

and atres.a of the external ear canal 12 
Malformation of the extratemporal course 

of the facial nerve 4 
Hypoplasia of the tympanic portion of the 

facial nerve 8 
Thickening and changes in the form of the 

os tymparicum 10 
Absent tympanic memkrane and absent annulus 12 
Prominent supratympanic bulging 3 
Rotation of the pyramid 17 
Malformation of the mandible 16 


ing structures of the ear. Through bone resorption 
and follow-ng bone apposition a plate-like forma- 
tion could be created. 


METHODS 


Wistar rats weighing from 140 to 160 g were chosen as ex- 
perimental an mals. Af-er determination of the menstrual cycle 
by vaginal smears, the females in estrus were paired with male 
rats. By vaginel smear tne presence of sperm was verified and the 
date of the sm2ar was cesignated as day one of the 21-day preg- 
nancy term. Overdoses of vitamin A were used as the teratogenic 
agent. '* 


Schedule and Dose oj Vitamin A. The most sensitive time for 
teratogenic danage to embryonic structures is between the 8th 
and 14th day cf pregnancy.’ No determination point specific for 
ear malformation is known. Therefore 120 pregnant rats were di- 
vided equally ‘nto four groups (8th, 9th, 10th and 11th day of 
pregnancy). 


The 30 animals in each group were subdivided into groups of 
ten. Each animal in the subgroup received 50,000, 80,000, or 
100,000 units cf vitamir A in oil (Arovit®) via a nasogastric tube 
under anesthesia (Nembutal® 1 mg/kg intraperitoneally). Thus 
12 x 10 animal. received different doses of vitamin A on different 
days of pregnancy. The fetuses could be regarded as being dam- 
aged to different extents. Two hundred twenty-nine fetuses and 
75 adult animals were examined. Litter numbers were low 
because of intrauterine resorption of approximately 51% . In ad- 
dition many of the deformed animals were eaten by the mother. 
In order not te loose valuable material, caesarian sections were 
performed on the 21st day in a portion of the animals. 


The term “fetus” includes all animals which could be acquired 
by caesarian section or the 20th day of pregnancy and those 
which could be examined one day after spontaneous delivery. The 
term “adult” includes rats which were raised to a weight of 160 g 
(six weeks post dartum). 


Microsurgical Preparation. Under the operating microscope, 
using microsurgical instruments and technique, the specimens 
were dissected from outside to inside) taking special notice of the 
auricle, the external auditory canal, the tympanic membrane, the 
middle ear, the ossicles, the facial nerve, the mandible, the hyoid, 
and the tempo-al bone. Important findings were photographed. 
Cross sections 5-7 » thick were prepared for histologic examina- 
tion. 


In order to analyze the relationship of different parts of the ear 
to each other and to tke surrounding structures (ie, mandible, 
squama, Meckel’s cartilege, os tympanicum, the tympanic course 
of the facial nerve, and the relationship of the ossicles to the 
atresia plate), -he heads were dissected differently. Parts of the 
deformed hea% were sectioned frontally, some vertically and the 
rest horizontally. Altogether 1,280 sections were analyzed. 


TABLE 2. PATHOLOGICAL CHANGES IN ADULT 











i ANIMALS Bi 
% of 
Change Animals 
Atresia and blind-ending external ear canal 46 
Changes of the middle ear space 21 
Replacement of the eardrum by bone or 
fibrous tissue 42 
Aplasia er malformation of the ossicles 14 
Atypical intratympanic course of the 
facial nerve 8 
Hypoplasia of the facial nerve 21 
Atresia of the foramen ovale 2 
Displacement and hypertrophy of the 
middle ear muscles 17 


RESULTS 


INCIDENCE OF EXPERIMENTALLY PRODUCED 
MALFORMATIONS 


Of the 229 fetuses and the 75 adult animals mi- 
crosurgically prepared and histologically examined, 
49 fetuses and 28 adult animals showed suspicious 
changes in the ear regions and surrounding areas. 


The majority of malformed fetuses were found in 
animals receiving vitamin A on the eighth or ninth 
day of pregnancy. There was no difference in the 
nature and extent of malformations of the ear 
region. Higher dosage of vitamin A is correlated 
with an increasing rate of fetus malformations. 


TYPES OF EAR AND SKULL MALFORMATIONS 


Microsurgical and histological examination re- 
vealed pathological abnormalities in fetuses (Table 
l) and in adult animals (Table 2). In fetuses, 
malformations of the ear occurred bilaterally in 3% 
and unilaterally in 26% , while in adults they oc- 
curred bilaterally in 21% and unilaterally in 42%. 
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Fig. 1. In comparison to a normal rat fetus (right), the 
following abnormalities are present in the deformed ani- 
mal (left). 1 - The cranium is absent, the brain sits like a 
mushroom on the base of the skull. 2 - The upper and 
lower jaws are greatly reduced, the tongue is hyper- 
trophied. 3 - The left eye is prominent. 4 - The movement 
of the auricle backwards and superiorly did not occur. 5 - 
The auricle itself is malformed. 


VITAMIN A4NL'UCED EAR MALFORMATIONS 


Fig. 2. The left auricle of the dam- 
aged fetus is malformed. The fusion 
of the left auricle hillocks did not oc- 
cur. The external ear canal is not pres- 
ent. 


OBSERVATIONS ON EXPERIMENTALLY PRODUCED 
ATRESIA AURIS CONGENITA IN RAT FETUSES 


Malformation of the Auricle. The auricle was 
present unilaterally in four of six fetuses and 
bilaterally twice as a rudiment or as a small pro- 
tuberance. The normal movement of the aunicle up- 
wards and backwards did not occur (Figs. l and 2). 


Atresia of the External Ear Canal. In six fetuses 
no external ear canal could be found (Figs. 2.and 3). 
These cases were combined with hypopBsi« or 
aplasia of the middle ear. 


Rotation of the Plane of the Eardrum. Thrcugh 
chondrohyperplasia and malformation of the dase 
of the skull, and especially the labyrinthine capsule, 
the middle ear was rotated so that the plane o! the 
eardrum was almost parallel to the base of the :kull 
(Figs. 4 and 5). 
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FORMATION OF THE ATRESIA PLATE 


ROLE OF THE OS TYMPANICUM. The anlage of the os 
tympanicum was cartilaginous in the fetus (Fig. 6). 
The thin arch of the annulus in a normal ear (Fig. 4) 
was plump (Fig. 7); the os tympanicum was en- 
larged from below and irregularly thickened; it re- 
placed the bottom half of the eardrum (Fig. 8). 


ROLE OF THE SQUAMA. The pars squamosa con- 
tribused to the development of the supratympanic 
tuberosity (Fig. 9). 


SUPEATYMPANIC TUBEROSITY. Almost all malformed 
ears showed a cartilaginous tuberosity (Fig. 6) in 
the upper portion of the eardrum. It was like a pro- 
tuberance pushed in front of the eardrum and di- 
rected forward and downward. The supratympanic 
tuberosity corresponded histologically either to a 
caucally directed process of the squama or to a 
hypezplastic cartilaginous labyrinthine wall (Fig. 


Fig. 3. Histological section of the 
malformed ear of an adult rat. In- 
stead of the eardrum a fibrous plate is 
present (a). The middle ear space is 
shrunken and not air-filled (b). The 
ossicles are deformed and dislocated 
(c). The inner ear is dislocated (d). e - 
Os tympanicum; Ny,, - Seventh nerve. 
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Fig. 4. Microsurgical demonstra- 
tion of a newborn whose skull was 
bitten off by the mother animal, 
showing an atypical ramus of the 
mandible (b). Note also that the mid- 
dle ear is rotated so that the eardrum 
(a) lies almost parallel to the skull 
base. 





9), which pushed the middle ear downward and in- 
ward toward the base of the skull. 


Chendrohyperplasia of the Base of the Skull. The 
malformed fetuses showed massive cartilaginous 
proliferation. The base of the skull, the labyrinthine 
capsule and the os tympanicum all were involved. 
The result of this diffuse dysplasia is a walling-in of 
the fecial nerve and rotation of the middle ear 
around the sagittal axis (Fig. 10). 


Observations on the Facial Nerve. In malformed 
ears the facial nerve was in the typical position in 
the middle ear. Striking was that in 8% of the cases 
histolegically examined it was walled in by masses 
of cartilage of the hyperplastic labyrinthine cap- 
sule. The diameter of the facial nerve was a quarter 
of its normal thickness (Fig. 11). 





Fig. 5. Frontal section of the skull of a rat fetus showing OBSERVATIONS ON EXPERIMENTALLY INDUCED 
the topographic relationship of the middle ear to the floor ATRESIA AURIS CONGENITA IN ADULT ANIMALS 
of the skull. Because of the chondrohyperplasia of the laby- 
rinth (a), both middle ears (c) were rotated around their Atresia of the External Ear Canal. This condition 
sagittal axes. The base of the skull (b) is included in the car- re 1] 
tilaginous hyperplasia. d - Inner ear. in adult rats is similar to human atresia. A sma 


groove indicates the external ear canal (Fig. 12). 


Fig. 6. Microsurgically prepared fe- 
tal ear shows diffuse paralaglaons hy- 
perplasia, which includes the supra- 
tympanic tuberosity (a), the cranially 
lying bone (b), and the end of the 
mandible (c). 
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Malformation of the Tympanic Membrane. The 
anomalous eardrum was located in a normal posi- 
tion in the deformed external ear canal. [t was 
either thickened by fibrous tissue, or partially or 
completely replaced by bone (Figs. 13-15). 


Formation of the Atresia Plate. The os tympani- 
cum was cartilaginous in the fetus (Fig. &), but 
fibrous (Fig. 16) or bony in adults (Figs. 13-15). 
The hyperplastic os tympanicum either replaces the 
lower part of the eardrum (Fig. 14), or is found 
lateral to the eardrum (Fig. 15) in contact with the 
temporal bone. 


Middle Ear Space. A complete aplasia of the mid- 
dle ear was seen twice. Slight and moderate de- 
formities or reduction in size were seen more often. 
The middle ear space was like a cleft, shrumken in 
all directions, and in an atypical position in the 
temporal bone (Fig. 3). The ossicles were sometimes 


Fig. 8. Microsurgically prepared 
ear of a fetus shows the enlarged os 
tympanicum (a), which grows from 
below and replaces the bottom of the 
eardrum. The upper part of the ear- 
drum is normal. b - Meckel’s carti- 
lage. 


Fig. 7. Microsurgically prepared fe- 
tal head shows a massive proliferation 
of cartilage, which includes the os 
tympanicum (a), the supratympanic 
tuberosity (b), and the bone of the 
cranium. This proliferation extends to 
the eardrum (c) which is therefore 
thickened and less transparent than a 
normal eardrum. 


absent or fused, and the middle ear muscles were 
hypertrophic and displaced (Fig. 14). 


Facial Nerve. In adult animals with deformed 
midcle ears, there were some variations in the 
course of the facial nerve: 1) dehiscence of the fallo- 
pian canal (Fig. 16); 2) hypoplasia of the nerve with 
deve opment from a tenth to a half of its normal 
diameter (Fig. 17); 3) atypical position of the 
geniculate ganglion; and 4) atypical position of the 
stvlomastoid foramen. 


DISCUSSION 


A single large dose of vitamin A (50,000, 80,000, 
or 100,000 units) given at different times (8th, 9th, 
10th. or 11th day of pregnancy) to Wistar rats, re- 
sulted in severe deformities in the fetus of the outer 
and middle ear and the facial nerve, as well as in 
contizuous areas of the skull. The deformities visi- 
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Fig. 9. Histological section of a left fetal ear shows the 
aypar prerie labyrinthine wall (arrows) appearing as the 
protuberance. In contrast to Fig. 5, the lb anthias cap- 
sule forms a morphologic union with the squama (b_ of the 
temporal bone. a - Labyrinthine capsule; c - Brain; d - 
Stapes; e - Inner ear. 


ble in histological sections are similar to the human 
atresia auris congenita seen in great numbers during 
the thalidomide era in Germany. 


SUSPECTED MOBE OF ACTION OF 
TERATOGENIC SUBSTANCES 


The precise role of vitamin A in developmental 
malformations is not known. The literaturesuggests 


Fig. 10. Prepared malformed fetal 
head after removal of the brain, 
showing a severely deformed base of 
the skull with a proliferation of car- 
tilage in the pesterior fossa (a). The 
left eye (b) is prominent and de- 
formed. After removal of a portion of 
the mandible a persisting Meckel’s 
cartilage (c) can be seen. 
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three possible mechanisms: 1) vitamin A may act 
directly on the fetus to produce abnormalities; 2) 
vitamin A may block the chorionic villi; 3) vitamin 
A may affect the adrenal cortex of the mother. 


The question of why normal and deformed ani- 
mals occur in the same litter has not been clarified. 
McLarren and Michie"® suggest that not all eggs im- 
plant at the same time; Hertwig'’ discusses the 
possibility that the placentas do not become at- 
tached to the maternal circulation at the same time. 


DEFORMED EARS AND NEIGHBORING REGIONS 


Induced malformations in this series (in both fe- 
tuses and adult rats) included aplasia and dysplasia 
of the auricle, the external ear canal, the middle ear 
space, the ossicles, the muscles, and the course of 
the facial nerve. Other areas of the first branchial 
arch also severely damaged included the mandible 
(Fig. 4) and the zygomatic arch. 


Formation of the Atresia Plate. In the micro- 
surgically examined animals the atresia plate 
seemed to develop from several different com- 
ponents, 


OS TYMPANICUM. The widening and _ shield-like 
bulging of the os tympanicum (Figs. 7 and 8) was 
regarded as a part of the atresia plate. This 
displacement into the tympanic membrane oc- 
curred mainly from the caudal and lateral areas. 


SUPRATYMPANIC TUBEROSITY. In 8% of the animals 
the labyrinthine capsule evidenced a huge prolifera- 
tion of cartilage: the supratympanic tuberosity 
(Figs. 6 and 9), which pushed the middle ear 
around its sagittal axis. In six animals the squama of 
the os temporale (Fig. 9) was a component of this 
cartilaginous hyperplasia. These findings are consis- 
tent with operative techniques used in humans. 
When opening the middle ear the ossicles are un- 
covered from above and not from the side. 
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Fig. 11. Histological section of a fetal rat showimg the 
facial nerve (a) walled in by masses of cartilage of the laby- 
rinthine capsule (b). In contrast, in a normal ear the facial 
nerve is covered by fibrous tissue and less cartilage. c - 
Malleus. 


External Auditory Canal. The bony malforma- 
tion of the external auditory canal seems to be 
caused by a compensatory enlargement of a part of 
the first branchial arch producing hyperplasia of 
the os tympanicum. 


Fig. 13. In the depth of a micro- 
surgically prepared left rat ear, a 
massive bony plate is present instead 
of the eardrum. M.m. - Musculus 
masseter. 





Fiw, 12. In the upper half of the picture is an adult rat 
skull microsurgically prepared. The external auditory ca- 
nal is not present (arrows). The lower half of the picture is 
a normal rat ear. M.m. - Musculus masseter. 


kotation of the Middle Ear. As mentioned above, 
the rotation of the middle ear is caused by a pro- 
liferation of cartilage. When opening the middle 
ear. the surgeon is forced to perforate either the 
hyperplastic os tympanicum and/or the ossified su- 
pratympanic tuberosity. 


Malformation of the Fallopian Canal. The course 
of the tacial nerve is of considerable interest to 
otologists. Many investigators describe an extremely 
atypieal course from the entrance of the nerve into 
the middle ear to its exit from the styloid foramen. 
Extreme variations in the course were not observed 
in this series, although dehiscence of the fallopian 
canal was frequently seen. These experimentally 
produced observations correspond with those of 
Wigand ® who found in 62 severe human ear mal- 
formations none in which the course of the facial 
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Fig. 14. Histological section of an 
adult rat right ear. 1 - The lower part 
of the eardrum is replaced by prolifer- 
ation of the os tympanicum. 2 -The 
middle ear space is dietonied and di- 
vided by a bony septum. 3 - The ossi- 
cles are hypoplastic and dislocated, 
without contact with the eardrum or 
the proliferated os tympanicum. Cav. 
tymp. - Cavum tympani; Ext. canal - 
External ear canal. 
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Fig. 15. Histolcgical section through As 
an adult rat right eer showing hyper- o 
plasia of the os tympanicum (a), `: 
which reaches fram below to the roof i 


of the external ear canal. The os tym- - 
panicum is plate-like and lies lateral 
to the eardrum (b). The upper half re- 
mains as a remnant c - Facial nerve. 


Fig. 16. Histological section of a 
malformed right ear of an adult rat 
shows the following special features: 1 
- Instead of the de baje a thick fi- 
brous plate. 2 - The ossicles are mal- 
nmd and/or fused. 3 - The tympan- 
ic cavity is narrowed and deformed. 4 
- The inner ear lies in a displaced posi- 
tion. 5 - The facial nerve is not cov- 
ered by bone. 
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nerve within the temporal bone was grossly abnor- 
mal. 


Malformation of the Facial Nerve. In the histo- 
logically examined fetal rat ears the nerve was 
found in its usual position in the middle ear, 
although often hypoplastic and walled-in by masses 
of cartilage. This walling-in could explain the 
hypoplasia of the nerve seen in adult animals. 
Hypoplasia can result in complete or incomplete 
facial nerve paralysis.'? Miehlke and Partsch” do 
not agree that the functional disturbance is caused 
by the walling-in process but rather results from 
damage to the nucleus of the nerve. To clarify this 
latter point, further investigation was undertaken. 
Pregnant Wistar rats received high doses (15-20 mg) 
of pure thalidomide. The nucleus of the merve 
showed the same structures and the same cell pat- 
tern as normal control rats. 


Facial nerve malformation was never seen as an 
isolated finding in an adult rat. It was always com- 
bined with malformations of the outer and middle 
ear. A striking finding was that in 4% of the adult 
animals the nerve was hypoplastic and in extreme 
cases, only one tenth of its normal diameter. 


CLINICAL MEANING OF THE EXPERIMENTAL RESULTS 


In what ways can this study help clarify atresia 
auris congenita in humans? There were many par- 
allels: auricular malformations, atresia of the ex- 
ternal ear canal, the atresia plate, changes in the 
ossicles, the course of the facial nerve, and changes 
in the size of the middle ear space. These anomalies, 
typical of the Franceschetti syndrome, could be 
found alone or in combination with malformations 
of the surrounding structures, as, for example, in 
the mandible. 


For the first time, the enormous chondrohyper- 
plasia and dysplasia of the middle ear, the laby- 


Fig. 17. Histological section of an 
adult rat ear showing a hypoplastic 
facial nerve (b) running uncovered 
through the tympanic cavity. The 
diameter of the nerve is reduced to 
one tenth of its normal thickness. Fur- 
ther anomalies are: atypical position 
of the middle ear muscles (a); the 
cavum tympani is narrowed to a cleft. 


rinthine capsule, surrounding structures, and the 
bas2 ef the skull were demonstrated. Hyperplasia of 
cartilege causes a rotation of the middle ear (which 
is always found in human atresia auris congenita) 
and a walling-in of the facial nerve which reduces 
its diameter, and may be the reason for the func- 


tional disturbance. 


The study showed that the atresia plate arises 
from more than one anlage. In most animals the 
plate was formed by a hyperplastic os tympanicum, 
which grew from below into the tympanic mem- 
brane. Other structures contributed to the develop- 
ment of the atresia plate; these include the ossified 
supratympanic tuberosity, the labyrinthine capsule 
and the squama of the temporal bone (Fig. 18). In 
the presence of polymorphic damage to the entire 
ear region it seems unlikely that the atresia plate 
could arise from a single part of the branchial arch. 
From a practical standpoint, the following conclu- 


Squama Os temp. 





Fi_. 18. Schematic drawing of the structures taking part 
in th: construction of the atresia plate. Os temp. - Os tem- 
pcra; Os tympan. - Os tympanicum. 
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sions are relevant for the treatment of this malfor- 
mation: 


1. The facial nerve shows only slight variation 
from its normal course, so that the risk of damaging 
the nerve is not great. 


2. Because the middle ear is rotated, it will be 


opened from above when the approach is from the 
lateral surface of the temporal bone. 


3. The atresia plate is found in the position of the 
norma. eardrum. 
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STATUS OF HEARING REHABILITATION RESEARCH CENTER 
IMPLANT PROGRAM 


W. F. HOUSE, MD 


K. I. BERLINER, PhD 


Los ANGELES, CALIFORNIA 


Since our meeting in December 1977, the Hear- 
ing Rehabilitaticn Research Center (HRRC) coch- 
lear implant research program has continued to 
grow. The number of implanted subjects has in- 
creased and so has the staff responsible for dealing 
with those subjects. Our facilities have been ex- 
panded and new equipment has been obtained. 


Subjects. To date (February 1979), 43 subjects at 
HRRC have undergone cochlear implant surgery to 
receive a single-electrode induction coil implant. 
One of these subjects is now deceased. Five of these 
are recent operations and are awaiting return to 
HRRC to be fitted with the external device. 


Five subjects currently have nonfunctioning in- 
ternal coils. One of these is scheduled for replace- 
ment surgery in March. Three have had nonfunc- 
tioning coils for some time and have not chosen to 
have reimplantation. 


Of the remaining 32 subjects, 3 are known to be 
not using their devices at all. Two of these, how- 
ever, have expressed some recent interest in perhaps 
beginning use again, following some lifestyle 
changes. Another two or three subjects are sus- 
pected of using their implants only infrequently, if 
at all, at present. All other subjects use their im- 
plants on a routine basis, some as much as 16-17 
hours per day. 


Three of the subjects now have a functioning im- 
plant in both egrs. One of these is currently wearing 
bilateral stimulator units. A second just recently 
had her second operation and only has one external 
unit as yet. The third bilateral subject has worn two 
units at different time periods but is currently using 
only one on a regular basis since one ear is much 
“weaker” than the other. 


In summary, 43 subjects have received implants 
as part of the HRRC program. Approximately 27 of 
these are currently using their device daily, while 
another 5 are awaiting their external device and 
training in its use. One subject is deceased and 
another is scheduled for surgery to replace a non- 
functioning internal coil. Nine other subjects are 
not regularly using the implant, either by choice or 
due to malfunction. In addition to the HRRC sub- 
jects, US coinvestigators working in conjunction 


with HRRC have recently implanted several sub- 
jects. Of four subjects implanted by our coinvestiga- 
tors, one is currently wearing an implant on a 
regular basis and three are still awaiting their exter- 
nal devices. 


Engineering. HRRC now has its engineering lab- 
oratory and engineering staff on the premises, and 
does its own construction of the external stimu- 
lators. The engineering lab has been relocated in 
larger quarters and has been provided with substan- 
tial test equipment. Protocols for engineering test- 
ing of research subjects are currently being devel- 
oped. Construction of the stimulator has been simp- 
lified by use of printed circuit boards. Development 
of a multiple electrode system is in the initial plan- 


ning phase with the first subject tentatively sched- 
uled. 


FACILITIES AND MATERIALS 


In order to more efficiently handle the large amounts and wide 
variety of data being gathered on our implant subjects among 
others, the Ear Research Institute has installed a computer sci- 
ences laboratory and two computers, and added to its staff a bio- 
medical computer expert and a computer programmer. In con- 
junction with the use of the computer, all data acquisition forms 
have been redesigned for ease of computer entry. The critical an- 
alysis of these forms has also led to content modifications. We are 
in the process of combining the data acquisition forms and the in- 
structiøns for their use with a detailed description of the proce- 
dures which produce the data, thus yielding a procedural package 
that could be used by others interested in research dealing with 
profoundly deaf adults using an auditory prosthesis. 


RESULTS 


Audiological. Patient performance with the sin- 
gle electrode cochlear implant has been measured 
on a variety of audiological tasks. Results have been 
reported elsewhere.'~* To briefly reiterate, subjects 
using the implant score significantly above chance 
on a number of specific forced-choice discrimina- 
tion tasks, including a rhyme test for phoneme dis- 
crimination, a spondaic words test, and an environ- 
mental sounds test. As a group, they also score sig- 
nificantly better on these tests than do like subjects 
using powerful hearing aids. 


Vestibular. At our prior meeting, there was some 
discussion of possible effects of cochlear electrical 
stimulation on the vestibular system. Since then, 


From the Hearinz Rehabilitation Research Center, a nonprofit corporation affiliated with the Ear Research Institute, Los Angeles. 


4 


STATUS OF IMPLANT PROCRAM 5 


some of our studies on this topic have reached com- 
pletion. A report on these studies and the results 
will be available in detail at a later date.* How- 
ever, we will briefly summarize some of the find- 
ings here. 


Implant subjects were evaluated for vestibular 
function with ENG measurements prior to implant 
surgery and postoperatively and with the Ataxia 
Test Battery with and without implant activated. 
Electronystagmography results prior to implanta- 
tion were compared to those at two intervals post- 
operatively. One group of subjects had a short-term 
follow-up, having received electrical stimulation 
for an average of six months at the time of post- 
testing. A second group had long-term follew-up, 
with an average of five years of electrical stimula- 
tion at the time of posttesting. 


Only one of nine subjects on short-term testing 
showed a reduction in caloric response as compared 
to presurgery. Three of seven showed a reduction 
on long-term follow-up. In all four cases of reduced 
response, the decrease was bilateral rather than lo- 
calized to the ear receiving electrical stimulation. 


Eight subjects also were given the Sono-Postural 
test, derived from the Ataxia Test Battery, both 
presurgery and postsurgery. Eight subtest scores 


“Eisenberg LS, Nelson JR, House WF. Effects of the single-eleetrode 
cochlear implant on the vestibular system of the profoundly deafened 
adult. In preparation. 


were cambined to yield a total score for each sub- 
ject. There was no significant difference between 
the presurgery and postsurgery scores (p=0.1). In 
order t further validate the Ataxia Test Battery as 
a measure of vestibular function, a small sample 
size, nonparametric statistical test was performed 
compa-ing ENG and Ataxia Test Battery results. A 
significant positive relationship was found (Fisher’s 
test, p =.05). 


The Sono-Postural test was also used to measure 
vestibu løspinal function with and without the im- 
plant zctivated, since the possibility exists that the 
implart might cause an increase in postural insta- 
bility >y stimulating the vestibular system. Total 
score r the unaided condition was compared to 
total szore for the implant-activated condition on 
16 sutjects, including both short and long-term 
users. There was a statistically significant increase 
in posural stability with the implant activated 
(t= 1 £4, p< .05), had the hypothesis been stated in 
this di-ection! 


In sammary, objective test results to date confirm 
the su jective observations of the subjects that the 
implaxt does not make their vestibular problems 
any worse. Computerized posturography data has 
also b-en collected and is in the process of being 
analyzd. All results and further details on indi- 
vidual subject’s vestibular status will be prepared 
for publication at a later date. 
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COCHLEAR PATHOLOGY FOLLOWING CHRONIC INTRACOCHLEAR 
ELECTRICAL STIMULATION 


P. A. LEAKE-JONES, PhD 


S. M. WALSH, PhD 


M. M. MERZENICH, PhD 


SAN FRANCISCO, CALIFORNIA 


The feasibility and application of multichannel 
cochlear prostheses is critically dependent on the 
ability of the cocalea to withstand long-term elec- 
trical stimulatien without developing pathological 
changes which might eventually render these de- 
vices ineffective. Therefore, a principal objective of 
current research in the Coleman Laboratory is to 
define “safe” limits of intracochlear electrical 
stimulation; ie, tc determine the maximum current 
level at which electrical stimulation of the auditory 
nerve can be effected with bipolar intracochlear 
electrodes for lang periods without damage to coch- 
lear structures. An initial step in our experimental 
strategy has been to define stimulus levels at which 
damage is clearly induced and to examine, histolog- 
ically, the nature and extent of that damage. 


Electrical “overstimulation” studies were con- 
ducted in cats with bipolar elements of chronically 
implanted (3' tc 7 months) scala tympani elec- 
trodes. The mu'tizlectrode arrays embedded in Si- 





lastic® carriers were models of those designed for 
use in human prostheses. Brainstem evoked re- 
sponses to electrical stimulation were monitored to 
determine the functional status of the auditory 
nerve. Charge-balanced biphasic pulses, (100-200 
us/phase) were delivered at a rate of 20-25 
pulses/sec. Long periods of continuous stimulation 
at high current levels (4 to 8 mA) induced elevations 
in evoked response thresholds, apparently indi- 
cating destructive changes within the cochlea. ' 


These overstimulated cats were allowed to sur- 
vive 8 to 20 days after cessation of stimulation. 
Their cochleas were preserved by perilymphatic 
perfusion of fixative and prepared for histological 
examination. Surface preparations and 1-2 pm 
toluidine blue stained sections (radial sections of the 
organ of Corti and spiral ganglion, and tangential 
sections through the osseous spiral lamina) were in- 
cluded in the light microscopic analysis. 


The major histopathological consequences of 





Fig. 1. Sections through A) organ of Corti and B) osseous spiral lamina taken 4 mm from the basal end of a cochlea 


which received over 300 hours of continuous stimulation ( 


approximately half at 8 mA). A plate of newly formed bone 


(asterisks) extended between the osseous spiral lamina and the secondary spiral lamina over the stimulating electrode pair. A 
transition in aerve survival occurred in this ye with about 70% loss basal to the 4 mm position (upper portion of B) and 


close to normal numbers apical to this level ( 


ower portion of B; also see Fig. 3). 
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Fig. 2. Chronically implanted for seven manth:, this cochlea was simulated for more than 120 hours at a 4 mA current 
level. A) Pillar cells and the reticular lamina were largely intact and seme outer hair cells (arrow) were recognizable in the 
region of osteogenesis (asterisks) overlying the electrode. Survival of B) myelinated laminar nerve fibers and C) spiral 


ganglion cells was approximately 60%. 


chronic implantation and electrical overstimulation 
with these intracochlear electrodes included: 1) os- 
teogenesis within the scala tympani, 2) breakcown 
of the reticular lamina and resorption of the crgan 
of Corti, and 3) degeneration of the first order audi- 
tory neurons. 


Osteogenesis occurred over a short distance (1 to 
4 mm) in the basal cochlear turn and was restricted 
to an area within the scala tympani above and im- 
mediately adjacent to the implant. The conforma- 
tion of ectopic bone varied, but in all cases at some 
point a continuous plate formed between the osse- 
ous spiral lamina and the secondary spiral lamina 
(Fig. 1A). Chronic implantation of these electrodes, 
studied in many previous cases in which there was 
little or no electrical stimulation, demonstratec that 
damage due to the implantation itself (if any was 
always restricted to the extreme cochlear base 
(“hook” region).?* That is, osteogenesis was never 
induced by the passive presence of the implant 
unless severe trauma resulted in basilar membrane 
rupture and/or if damage to the bony spiral lamina 


occurred. The basilar membrane was intact in all 
coch eae examined in the present series. Bone for- 
mation in these cases was restricted to a region 
overlying the stimulating electrode elements and 
was considered to be stimulus induced. The deposi- 
tion of bone probably led to a significant displace- 
mert of the electrode carrier within the scala. This 
cou_e account for the elevations of evoked response 
thresholds which occurred only after many hours or 
days of stimulation. However, other long-term pro- 
cesses (eg, the accumulation of toxic platinum salts 
diss> ved from electrode surfaces) could also be con- 
sistent with the time course of observed physiologi- 
cal anges. 


In regions of bone growth the status of the sen- 
sory =pithelium ranged from total resorption of the 
organ of Corti to preservation of the tunnel of Corti 
and even some surviving hair cells (Fig. 2A). In one 
case. severe degeneration of Corti’s organ was evi- 
dent throughout the most basal 8 mm and total re- 
sorp‘ion of the sensory epithelium was observed 2 
mm apical to the upper end of the implant. The 
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Fig. 3. Sections taken from the 6 mm position (ie, at the upper end of the electrode carrier) of the same cochlea il- 
lustrated in Fig 1. The reticular lamina is intact although hair cells are lost or degenerating (A). The nerve is apparently nor- 
mal (B) even though this region was subjected to extremely intense stimulation. 


pattern of destruction in that animal which re- 
ceived over 500 hours of continuous stimulation 
(with more than half of this period at 8 mA), indi- 
cated that at very high current levels, electrical 
overstimulation may result in a breakdown of the 
reticular lamina, and in very significant degenera- 
tion of auditory nerve fibers. 


It is not clear which specific factor(s) account for 
the variable loss o? ganglion cell dendrites in the ex- 
amined cochleas. There is some question whether 
the degeneration was related to direct trauma from 
the electrical stimulation, since survival of den- 
drites was excellent in some heavily stimulated re- 
gions (Fig. 3). Prozound loss was always observed in 
regions where resorption of the organ of Corti oc- 
curred; yet signif-cant nerve destruction was also 
noted in some regions with good preservation of the 


reticular lamina (Fig. 2). Data is inadequate at this 
time to correlate current levels and length of stimu- 
lation with the observed variations in extent of 
damage. Changes in pH concomitant with the oste- 
ogenie process must also be considered as a possible 
factor which might be toxic to neurons. The loss of 
myelinated laminar dendrites was closely correlated 
with loss of spiral ganglion cells in Rosenthal’s canal 
(Fig. 2 B, C). 


It is important to remember that the described 
histopathology was induced with current levels con- 
siderably greater than those required to excite the 
auditory nerve with proposed prosthetic devices. 
Additional data on long-term stimulation at appro- 
priate current levels (ie, 1.5 to 2 mA) must be col- 
lected. 
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PERFORMANCE CHARACTERISTICS OF INTRACOCHLEAR 
STIMULATING ELECTRODES 
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E9RTLAND, OREGON 


At present the cochlear implant techniques used 
in this country have concentrated on stimulation of 
the basal turn. However in some implant candi- 
dates the basal turn may not retain sufficien rerve 
fibers to permit usable sensations from basal turn 
stimulation. Furthermore the attempt to achieve 
multiple-channel stimulation may necessitete ap- 
pealing to a more widely distributed population of 
cochlear nerve fibers. It is thus of interest tc Enow 
whether stimulation techniques developed o> the 
basal turn will produce the same, or diferent, 
results when applied more apically. 


Data from intracochlear stimulation n the 
guinea pig are relevant to this question. Im anes- 
thetized guinea pigs we have used direct stim alation 
of the cochlear nerve for the purpose of may ping 
the cochlear projections to the auditory cortex. The 
cochlear capsule is opened widely to permit cirect 
application of a bipolar pair of stimulatinz elec- 
trodes to the osseous spiral lamina in one æ nore 
turns. The stimulus is a symmetrically biphasic rec- 
tangular current pulse lasting 2 msec (1 msec in 
each direction), repeated once per second. In each 
case the resulting cortical responses are localized to 
particular locations within the auditory cortex. con- 
sistent with the cochleotopic organization o° the 
primary auditory regions.'?* All response charac- 
teristics described here were based on averages of 
ten responses each and were measured at the appro- 
priate cortical response focus (cortical locacien at 
which responses to the particular cochlear stimula- 
tion site were maximal). 


Figure 1 illustrates intensity functions for elec- 
trical stimulation in the various cochlear tarns of 
three representative animals. A tendency is ev dent 
for the basal turn intensity functions to ris? nore 
steeply than intensity functions obtained with stim- 
ulation in turns 2, 3, or 4. This difference in ;løpe is 
apparently due to several factors. Table 1 presents 
data from a number of different animals, indicating 
that threshold currents are in general lower n turn 
l than in the higher turns. In addition, Table 2 
shows that response maxima tend to be grea-est for 


*Meikle MB, Lee CA, Gillette RG. Cochleotopic organiza iom of the 
guinea pig auditory cortex. In preparation, 1980. 


turn | stimulation. Table 3 summarizes these obser- 
vations in terms of the slopes of all intensity func- 
tions obtained so far during stimulation of the 
various cochlear turns. All but four of the turn 1 
slopes are greater than 1.5. The arctan transforma- 
tions show the angles (in degrees) corresponding to 
each of these slopes. Comparison of these means 
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=g. 1. Intensity functions of cortical responses elicited 
by sipolar electrical stimulation of the osseous spiral lami- 
na. Data from three different guinea pigs are shown in A, 
B, and C. In each case the individual intensity functions 
wer obtained at the appropriate cortical response focus 
for the cochlear turn in question. Order of recording was 
from apex to base (T, first, T, last). 
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TABLE 1. RESPONSE THRESHOLDS FOR BIPOLAR 
STIMULATION OF OSSEOUS SPIRAL LAMINA IN 
VARIOUS COCHLEAR TURNS 


(Threshold current, pA) 





Turn 1 Turns 2, 3, and 4 
1.0 3 
F k T,: Meane 18.5 
4.0 48 
4.0 6 
10.0 32 } T;: Mean = 26.7 
12.0 42 
14.0 8 
20.0 16 
78.0 18 T,: Mean = 23.4 
25 
50 
Mean 14.8 22.6 


supports the generalization that there is a sys- 
tematic difference between intensity functions in 
the base vs the higher cochlear turns. 


The tendency for basal turn intensity functions to 
rise more steeply and reach greater response max- 
ima than do intensity functions in more apical coch- 
lear locations might reflect variations in innervation 


TABLE 2. MAXIMUM RESPONSE AMPLITUDES FROM 
BIPOLAR STIMULATION OF OSSEOUS SPIRAL LAMINA 
IN VARICUS COCHLEAR TURNS 


(Response Amplitude, uV) 


TABLE 3. SLOPES OF INTENSITY FUNCTIONS IN 


VARIOUS COCHLEAR TURNS 
Ã— SS :An 2. _ 
Turn 1l Turn 2 Turn 3 Turn 4 


Slope Tan-'* Slope Tan-'* Slope Tan`* Slope Tan`* 
16.60 87.6 1.80 61.0 1.42 54.8 L30 650.7 
12.75 86.5 134 53.3 0.21 11.9 1.40 56.3 
6.32 81.0 1.29 52.2 0.16 9.8 1.16 49.3 
4.89 78.5 1.11 48.0 0.76 37.3 
2.56 68.7 0.88 38.7 0.69 34.7 
1.73 60.0 0.33 18.3 
1.70 59.7 
Loy SLS 
0.86 40.8 
0.72 35.9 
0.65 33.0 


Mean 62.1 45.2 25:5 47.5 


Slopes calculated from log-log plots, response amplitude (4V) vs current 
strength (nA). 


* Angles expressed in degrees. 


density within the cochlea.** However there is 
evidence that in the guinea pig the afferent innerva- 
tion is relatively constant throughout the cochlear 
turns.° It is possible that the differences between the 
slopes of the intensity functions from the different 
cochlear turns reflect differences between turn 1 
and the other turns in regard to cross-sectional area, 
radius of curvature, or other structural features.® If 
so, such differences might also influence the intensi- 
ty functions to be obtained in different regions of 
the human cochlea, although the quantitative rela- 
tionships between morphology and electrode per- 


Turn 1 Turn 2 Turn 3 Turn 4 formance would of course be different in the dif- 
3000 2400 990 1400 ferent species. 

2800 1500 900 1300 

6300 2200 1180 The present results suggest that cochlear prosthe- 
4200 600 : ; s i : ‘ 
4300 1600 ses involving both basal and apical stimulation sites 
4200 may require different gain controls for the different 
5000 channels. These data were obtained using bipolar 
2300 i š ; 
4100 stimulating electrodes. We have yet to determine 
1555 whether similar relationships apply to monopolar 

Mean 3776 2033 945 1216 stimulation in the various cochlear turns. 
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PROBABILITY OF TRAUMA AND RELIABILITY OF PLACEMENT OF A 
20 MM LONG MODEL HUMAN SCALA TYMPANI 
MULTIELECTRODE ARRAY 


B. F. O'REILLY, MBChB, FRCS 


San FRANCISCO, CALIFORNIA 


Tests in animals have revealed that contre! of ex- 
citation of discrete sectors of the auditory nerve ar- 
ray can be effected with stimulation with appropri- 
ately positioned, bipolar stimulating elements of 
multiple electrode arrays. To achieve optimal 
spatial control of excitation, bipolar ekctrode 
elements must be apposed to the upper surface of 
the scala and the electrode position and orieatation 
on that surface is of fundamental importance. 


Thus, the mechanical characteristics of multie- 
lectrode arrays with potential application in man 
must insure 1) apposition of electrode contact sur- 
faces with the upper surface of the scala, 2) accep- 
table electrode element placement reliability and 3) 
acceptably low risk of cochlear trauma when they 
are introduced 20-25 mm into the cochlea. 


Model human multielectrode arrays have been 
constructed. Systematic testing of these arrays is re- 
quired to direct changes in the mechanical design in 
order to meet the above criteria. In this preliminary 
report, the basic approach to evaluate these me- 
chanical properties of multielectrode arrays will be 
described, along with initial data documenting 
electrode placement reliability and the probability 
of trauma. 


The multielectrode arrays were hand fabricated 
with medical grade Silastic®. The wires were a 
platinum/rhodium alloy (90:10), 3 mil in diameter 
and insulated with Pyre-ML®. The wires were 
stacked into a vertical central band in order to 
minimize flexion in the vertical plane but to allow 
flexion in the axis of curvature of the cochlea. 


The length of the intracochlear portion cf the 
electrode was 20 mm and the pairs of electrodes 
were positioned on the apical 13.5 mm of the elec- 
trode with approximately 2 mm longitudinal separ- 
ation between pairs. The horizontal distance be- 
tween each electrode of a pair was approximately 
0.5 mm. 


Human cadaver temporal bones were removed as 
soon as possible after death and then stored in a 
deep freeze. They were defrosted for 48 hours in 
10% formalin. The round window niche was 
opened up, the membrane exposed and removed. 


From the Coleman Laboratory, University of California at San Francisco. 
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The opening of the round window was enlarged 
anteriorly and inferiorly. The multielectrode array 
was then inserted. The cochlea was then uncapped 
anc any damage to the basilar membrane assessed. 
After drying the specimen, the basilar membrane 
becomes brittle and can be easily removed without 
damaging the bony spiral lamina. 


Lengitudinal measurements were taken by laying 
a thread along the edge of the bony spiral lamina 
from the beginning of the basilar membrane in the 
vestibule to the first pair and then from the first 
pai- to the eighth pair. The length of thread and the 
distance of each electrode from the edge of the bony 
spiral lamina were measured with a micrometer. 


Tae incidence of trauma to the cochlea was as- 
sessed in ten implantation procedures using the 
samre electrode. In eight uses there was no apparent 
damage to either the bony spiral lamina or the basi- 
lar membrane. In one of the two cases with trau- 
mat insertions the electrode perforated the basilar 
membrane and the most apical 3.7 mm of the elec- 
trode entered the scala vestibuli. Rather surprising- 
ly the bony spiral lamina was not fractured. In the 
oth=r traumatic insertion case the basilar mem- 
brane was damaged at about 1.5 mm basal to the 
front electrode pair and also at the third electrode 
paiz. There was a fracture of the bony spiral lamina 
joirmg these two points and extending about three 
querters of the distance to the modiolus. 


In studies preliminary to this test series the be- 
havior of several kinds of electrode arrays was ob- 
served as they were inserted into previously dis- 
sected cochleas. There were three characteristic 
ways in which damage to the basilar membrane 
could be relatively easily effected. The first was as 
the “ip reaches about 13 mm from the base instead 
of retating around in the axis of curvature of the 
cochlea it turns upwards and perforates the basilar 
membrane. This is a special problem in electrode 
arrays with a relatively firm tip. The second mode 
of damage was found when the whole electrode ar- 
ray was too stiff. The tip of the electrode would 
start to rotate normally but stop about 16 mm from 
the base. Further insertion of the electrode array 
results in the midportion moving away from the 
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TABLE 1. LONGITUDINAL MEASUREMENTS 
Base to 1st Pair (mm) Base to 8th Pair (mm) 


6.90 19.70 

7.60 20.20 

7.20 19.95 

7.10 19.60- 

7.05 19.50 

6.85 19.25 

7.30 19.70 

8.10 20.70 

6.80 19.20 

6.70 19.00 
Average 7.16 (SD 0.62) 19.68 (SD 0.67) 
Freq. stim. 7.5 kHz La kHz 


bony spiral lamina, rotating vertically and ruptur- 
ing a long segment of the basilar membrane. The 
third mode of damage was that already described in 
which there was a longitudinal fracture of the basal 
aspect of the bony spiral lamina. This was caused 
both by the buckling of the basal portion of the elec- 
trode array which was too flexible and by overrota- 
ting the electrode in an attempt to prevent the tip 
from perforating the basilar membrane. 


The distances from the base to the first pair and 
to the apical eighth pair are shown in Table 1. It 
can be seen that the placement is fairly reproducible 
with an average distance from base to front pair of 
7.16 mm with a standard deviation of 0.62 mm. 
The average distance from the base to the eighth 
pair was 19.68 mm with a standard deviation of 
0.67 mm. These measurements correspond to the 
frequency “places” for 7.5 kHz and 1.2 kHz. For 
speech discrimination an acceptable range would 
be from 3 kHz to 400 Hz. These frequencies corres- 
pond to distances of 13.6 and 26.1 mm from the 
base of the basilar membrane. Thus the distance 
between the first and eighth pair would seem to be 
ideal but all the pairs should be moved a further 6.5 
mm towards the apex. This would require the elec- 
trode array to be about 26.5 mm in length. 


From the radial measurements shown in Table 2 


TABLE 2. MEASUREMENTS OF DISTANCE FROM 
LATERAL EDGE OF BONY SPIRAL LAMINA TO OUTER 


ELECTRODE 

Pair Distance (mm) SD (mm) 
Ist 0.125 0.09 
2nd 0.220 0.17 
3rd 0.420 0.23 
4th 0.575 0.20 
5th 0.680 0.10 
6th 0.665 0.16 
7th 0.666 0.16 
8th 0.255 0.13 


there would seem to be fairly good reproducibility 
of electrode distance from the lateral margin of the 
bony spiral lamina. The electrode array was de- 
signed so that the radial pairs would be centered 
along this line and therefore the ideal distance from 
the lateral margin of the bony spiral lamina to the 
outer electrode would be 0.25 mm. In fact only the 
second, third and eighth pairs were consistently in a 
good position. The first pair were consistently too 
medial while the fourth, fifth, sixth and seventh 
pairs were consistently too lateral. The fourth pair 
had the poorest results and in most cases the inner 
electrode was lateral to the lateral margin of the 
bony spiral lamina. 


One fact that has become clear is that these hand 
fabricated electrode arrays behave in an individual 
but predictable manner. There would appear to be 
good reproducibility of both longitudinal and later- 
al placement of the electrodes. However, some al- 
teration in the lateral positioning of the pairs of 
electrodes would help to center them on the lateral 
edge of the bony spiral lamina. We have gained 
some insight into the mechanical characteristics 
that are important in minimizing the risk of trauma 
during the insertion of the electrode array. 
Systematic testing of electrode arrays with a variety 
of mechanical characteristics would enable us to 
direct echanges which would facilitate the insertion 
of longer electrode arrays covering the frequency 
“places” necessary for speech discrimination. 


GROWTH OF LOUDNESS FOR SINUSOIDAL AND PULSATILE 
ELECTRICAL STIMULATION 


R. V. SHANNON. PhD 


San FRANCISCO, CALIF@RNIA 


The perception of loudness produced by elec- 
trically stimulating a cochlear prosthesis is different 
for different electrical waveforms. The two wave- 
forms studied in the present experiment were bi- 
phasic pulses and sinusoids. In general, the growth 
of loudness curves are steeper for biphasic pulses 
than for sinusoids, when the two waveforms are 
equated for equal charge per unit time. The growth 
of loudness curves are steeper for low frequencies 
than for high frequencies, for both pulsatile and 
sinusoidal stimulation. 


The implant was a Silastic® mold of the scala 
tympani containing 16 wires. These wires were po- 
sitioned so that they would contact the superior sur- 
face of the scala tympani on insertion. The present 
results were obtained from stimulating wires 5 and 
6 as a bipolar pair. These two wires were oriented 
radially within the cochlea and were approximately 
10-12 mm from the round window. 


The patient had a progressive, profound loss of 
hearing. The implant had been in place for over six 
months and thresholds were stable for a period of 
three months preceding the present measurements. 


The stimulator was a custom-designed current 
source that could produce either sinusoidal or 
biphasic pulse output at various frequeneies (or 
pulse rates). Each phase of the biphasic pulse was 
200 us in duration. 


The data were collected using a simplified mag- 
nitude estimation procedure. A stimulus was pre- 
sented and the patient was instructed to assign a 
value of 0 to 100 cents to the loudness of the sound. 
He was instructed to assign twice as large a value to 
a sound that was twice as loud as another. Note, 
however, that magnitude estimations, obtained in 
conditions where the end-points of the response 
scale are fixed, are biased near those end-points. In 
the following data it should be noted that the exact 
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shape of the loudness growth curves is influenced by 
the mature of the task. The standard deviation of the 
data is typically + 15 cents. 


F:gure | presents the loudness estimation data for 
both biphasic (Fig. 1A) and sinusoidal (Fig. 1B) 
stimulation. The slope of the growth of loudness 
curves decreases with increasing stimulus frequency 
or pulse rate. For a given stimulus rate, biphasic 
stimulation produces a steeper growth of loudness 
than sinusoidal stimulation. For sinusoid frequen- 
cies detween 500 Hz and 4 kHz there is little change 
in the slope of the loudness growth curves. The 8 


LOUDNESS (¢ ) 





LOUDNESS (4 ) 
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100 


Fig. 1. Loudness estimates for A) pulsatile and B) 
siausoidal electrical stimulation in terms of charge (uC) per 
second. 
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kHz sinusoid produces a considerably shallower 
growth of loudness curve than lower frequencies. 


The data of Figure 1A, B are replotted in Figure 
2A, B, respectively, as equal loudness contours. 
Note that al! thresholds are approximately the same 
for both biphasic and sinusoidal stimulation, and 
that threshold is independent of stimulating fre- 
quency. This suggests that the threshold is deter- 
mined by a constant amount of charge. The thresh- 
old data of Eddington et al' are also presented in 
Figure 2A. 


Suprathreshold loudness depends on frequency of 
stimulation differently for biphasic pulses and si- 
nusoids. As the frequency of a sinusoid is increased, 
the charge per unit time remains constant. In Fig- 
ure 2B the equal loudness curves are nearly flat for 
frequencies between 500 and 4 kHz, ie, a constant 
charge per second yields approximately the same 
loudness. 


Our results suggest a slower growth of loudness 
and a larger dynamic range at all frequencies than 
the data of Eddington et al. This is perhaps due to 
the fact that Eddington et al used monopolar stim- 
ulation. The present data were collected with bi- 
polar stimulation, shown by Merzenich et al? to 
produce more local stimulation than monopolar. 


In summary, pulsatile stimulation becomes rela- 
tively more effective at producing loudness as pulse 
rate increases. The loudness produced by a sinusoid 
is nearly independent of stimulation frequency. 


Sinusoid and pulsatile stimuli, equated for charge, 
do not produce the same loudness, except at thresh- 


old. 


yC/ sec 





400 600 800 1000 
PULSE RATE (pps) 


pC/sec 





FREQUENCY (Hz) 


Fig. 2. Equal loudness contours for A) pulsatile and B) 
sinusoidal stimulation as a function of frequency. Data 
from Eddington et al! are presented by triangles and dash- 
ed lines in A for comparison. 
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PITCH CORRELATES OF DIRECT AUDITORY NERVE 
ELECTRICAL STIMULATION 
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INTRODUCTION 


The most important question for multichannel 
stimulation is its capacity to transfer enough addi- 
tional information to the auditory nerve (and brain) 
to justify its use instead of a single electrode. Ii true, 
and we suspect it is, it will shortly be time te cecide 
on how to do this best. Important criteria are the 
location of the electrodes, merits of the scala tym- 
pani, and the auditory nerve approaches. We hope 
this conference will make a beginning in com y aring 
data, both in those parameters which seem the same 
and in identifying those which, at this point, seem 
different. 


This paper summarizes our observations cn the 
perception of pitch by stimulating the auditory 
nerves of two volunteers who have had four elec- 
trodes placed permanently in their nerves fer the 
last 18 months. The percepts reported were all pro- 
duced using charge-balanced biphasic pulses af 0.25 
ms. The amplitudes between threshold and “max- 
imum loudness” covered a range of 5 to 50 nU and 
were delivered at rates between 1 and 100) Hz. 
There has been no evidence of nerve injury or per- 
formance deterioration to date. 


PITCH 


In theory, there are two known determinants for 
differences in pitch, the nerve fibers which are be- 
ing stimulated (place pitch) and the periodicity of 
the stimulation (rate pitch). The separation be- 
tween these two was not always clear except at the 
extremes: ie, the pitch of a single pulse and perhaps 
the pitch of a brief burst of pulses at rates above the 
presumed limits for perceiving differences in rate 
pitch. In between, all sounds had components of 
both pitches. 


Other features of the stimuli had important influ- 
ences upon the perceptions of pitch, some prcbably 
related to the experiential backgrounds of the two 
subjects. Like the Eskimos who have more tkan 30 
nouns for snow, we have probably learned to dis- 
tinguish an equal number of differences emong 
“buzzing or buzzer-like” percepts. Stimulus ir tensi- 


ty had more than a modest (occasionally profound) 
effect on pitch. For example, a “low-pitched buzz- 
er” could be changed to a “ring,” and a “high- 
pitcned buzzer” changed to a “bell” or “screech” by 
increasing intensity. Pitch percepts were also af- 
fected by frequency modulation, irregular inter- 
pulse intervals, and perhaps by stimulus duration. 


PLACE PITCH 


Both subjects 1 and 2 reported on or were able to 
rank “pitch or quality” differences among many 
singie and two-electrode combinations when the 
same stimulus was used. These high-to-low rank- 
ings were stable only with single pulses or very slow 
repetition rates, and high rates (500-1000 Hz) in 
short bursts of 12 ms. Longer bursts, say 24-50 ms, 
began to change ranking and steady state stimula- 
tions were unrankable. We assume the character of 
the sounds on each E* (or combination) was, how- 
ever, fundamentally the same in any set of stimuli 
since neither subject was able specifically to identify 
which electrode was being stimulated; ie, 1E had 
no consistently special sound quality which was uni- 
quey different from 2E or 3E, etc. (Subject 1 could 
identify 2E by the associated “pressure” sensation or 
tipsmess.) Thus, while some elements of place pitch 
were clearly present, the percepts resulting from 
stimulation of 1E, eg, were not heavily colored by 
the unique pitchiness of the electrode. 


Being more specific first requires some philosoph- 
ical hunches on our subjects’ understanding of 
pitch. Both had great difficulties inventing im- 
aginative ‘“what-it-sounds-like” pitch information, 
especially from steady-state inputs: A 10 Hz, “tick, 
tick, tick . . .” was more difficult to rank (for us) 
than, “horses running on concrete” (the same 10 Hz 
with every fourth pulse missing) when compared to 
10 Hz on another electrode described as a “wood- 
pecker” (bird) at work in a tall, thin tree about 30 m 
distant. Neither understood the concept of a 
musical octave. Subject 1 was accused by his friends 


* Abbreviations used are: E - Electrode; E, + E, - Any combination of 2 
Es; LE, 2E, 3E, 4E - Specific electrodes; A,B,C - Different stimuli; AE, - 
Stimulus A to E,; ABE, - Two different but simultaneous stimuli to E,; 
A,B&, - A and B alternate. 
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Fig. 1. (Subject 1) A) Forced-choice rate DLs. Data were plotted to 700 Hz. B) Interleaved stimulation rate DL data. 


The foreed-choice paradigm was used. 


as having a ‘tin ear” before his deafness. Subject 2 
once wanted to know, “Is a ‘tick’ higher than a 
‘tink’?,” and how was he to rank a “psst”? Thus, the 
place-pitch sounds seemed rich in “harmonics,” 
sometimes musical, sometimes not, but still predic- 
tably rankable. 


Subject 1 was more consistent than subject 2. For 
individual electrodes, subject 1 always ranked 4E 
highest and 2E lowest while the in-between ranking 
of 1E and 3E varied. Stimulus intensity changes 
probably affected the comparative rankings of 1E 
and 3E because whichever electrode acquired the 
greater increment curing pretest loudness balances 
was judged higher-pitched than the other in at least 
75% of judgments which followed. Subject 1 consis- 
tently ranked 14 (of 28) single and bipolar combina- 
tions higher or lower in pitch. Subject 2 was defi- 
nitely not as adept at abstract ranking of pitches 
from pulses. Of the 16 possible 1 and 2-electrode 
combinations, he was completely consistent for only 
5, and in all tests identified 3E as the lower-pitched. 
Electrode 1E (from anecdotal data and daily experi- 
ence) was higher-pitched than 2E, but in formal com- 
petition between 1E and 2E, 2E was higher-pitched. 
Subject 2 ranked (high to low) L[E>13>12>2=3, 
with 13E and 23E combinations variable. Subject 1 
ranked 4E>(34 or 14)>(1 or 3)>13>12>23>24>2. 


The sounds described during very slow stimulus 
rates (circa l/s) produced the most consistent 
agreements with abstract pitch rankings. The pitch 
range of sounds heard with single pulses and less 
than 10/s stimuli extended from “thuds” and 
“knocking on a large board” to, “the altar boys’ bell 
during Mass” (a strike tone of at least 2,000 Hz). We 
collected a similar range of sounds, “thuds” (from 


subject 1’s lowest-pitched E) and “clear, bell-like” 
(small hammer on anvil) sounds (his highest- 
pitched E), with brief (12 ms) bursts at 500 Hz. 
Longer (and therefore louder) pulses created high- 
er-pitched sounds and in one session actually caused 
a change in the rankings of two bipolar pairs when 
the duration was extended to 24 and 50 ms from 12 
ms. 


Stimulus Intensity and Place Pitch. Stimulus 
magnitude had an important impact on place pitch 
for most electrodes. An increase in intensity always 
caused an increase in the pitch of single-electrode 
sounds, and never a decrease in pitch. Thus five of 
seven electrodes typically produced “thuds,” 
“tinks,” or dull “tapping” sounds near threshold. 
The same stimuli at medium intensities caused 
“bells,” “ringings,” and “high-pitched buzzers.” At 
higher intensities the sounds became small or large 
“triangles,” “steady high-pitched sounds,” and oc- 
casionally, unpleasant “screeches” and “howls.” 
However, both subjects each reported that with one 
of their electrodes, loudness increased at least 
modestly without a pitch increase. In no instance 
did the pitch ever decrease with increasing intensity 
or loudness during either single or bipolar stimula- 
tions. Pitches did drop and loudness increased only 
in other stimulus modes (see section on rate pitch). 


Harmonic Coloring. In our view, none of the 
sounds described by the subjects were even close to 
being pure tones, though many had “musical quali- 
ties.” Most of the sounds seemed jagged or rough, 
many times leading to predictable confusions per- 
haps caused by these “harmonics.” Subject 1, for ex- 
ample, ranked place pitch for pulses: 4E>34 
13=1>3>14..., wherein 34 and 13 were many 
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times called “the same.” We used this 34-13 simäar- 
ity to construct a continuously downward pitch 
ramp: 4E—13—1—3—34—13—1—3—34 . . ., which 
seemed to subject 1 to be getting continuously lower 
pitched. 


RATE PITCH 


Figure 1A shows representative difference limens 
(DL) for the detection of stimulus rate change. 
These data were collected using a random number 
generator. The subjects were asked if the second 
sound was higher or lower in pitch. A judgment of 
“same” was allowed only if they listened to the two 
rates a second time. The DL averaged around 5% 
at low rates and became almost infinitely large at 
rates above 350 Hz. (This electrode difference is in 
itself interesting and unexplained, but is in good 
agreement with earlier data.') We assume that the 
character of these sounds did not change radically 
between the individual pairs of compared rates 
since this same paradigm using the instruction, “tell 
us if the two sounds are the same or different” pro- 
duced much larger DLs. 


The rate-related percepts were strikingly non- 
linear. As rates increased from about 50 Hz to 
150-200 Hz the pitch increased gradually from a 
low- to a higher-pitched “buzz” which roughly cor- 
responded with our own perceptions from the audi- 
tory monitor. As the rates increased further. the 
anecdotal pitch descriptions rose rapidly to scund 
corresponding with frequencies between 2 and 4 
kHz at 350 pulses per second. 


Figure 1B shows the rate DLs when pulses were 
alternated between two electrodes at equal inter- 
pulse intervals: E VERN . The figure shows the eom- 


bined rate, E, + E2. Note that this extends the upper 
limit to about 700 Hz, just about twice the single E 
rate. Also note that the DLs themselves are poorer 
by about a factor of two than with single E stimula- 
tion. We confirmed the single vs two E DL difer- 
ence in other experiments using fixed rates rather 
than the random number generator. We thus zain 
no better resolution by alternating pulses. These 
observations strongly suggest that the two merve 
fiber populations stimulated retain at least some of 
their separate perceptual identities during multi- 
channel stimulation. 


Pitch matching experiments using alternating 
pulses seem to confirm this. We asked the subjects 
to compare the pitches of: E PAS with E,..... or 


Bk ce we 2 a E, + E, was always lower-pitched and 
louder) than the total rate to a single E, below 500 
Hz. At rates between 500 and 700 Hz, the E, +E, 
stimulations were usually higher-pitched. Our un- 
documented (but strong) impression from these re- 
sults is that the “pitchiness” of each alternated 
channel corresponded roughly to the same pitchi- 
ness when stimulated singly; ie, E, at 150 Hz+ E, at 
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Eg. 2. (Subject 2) Pitch-matching responses. For each 
set, the single-electrode stimulation rate was constant. The 
ordmate is the total multielectrode stimulation rate which 
eaaa peak to the single-electrode reference. Responses 
are noted next to each point. 


150 Hz (combined alternated stimulation) com- 
parec to 300 Hz on either E, or E, retained much of 
the _adividual 150 Hz percepts. The perceptual 
gesteE, however, probably lies in between complete 
separateness of two channels and complete fusion. 


The suspicion that some fusion and some sepa- 
rateness occur is probably best documented by the 
fact trat we could not achieve a pitch match be- 
tweer alternating pulses to two electrodes and any 
rate © a single electrode. Figure 2 shows one try in 
whict the E, rate was fixed at 100 and 200 Hz and 
the F, +E, rate was systematically increased or 
decreased until a “higher” or “lower” judgment was 
expre-sed. Note, for example, that the first (left 
hand side) lower to higher pitch change from E, + E, 
requixed more than a 250% rate increase. Then, the 
judgœæent of higher was retained until the E, + E, 
rate Escended below 350 Hz. 


CONCLUSIONS 


Both place and rate pitch sensations were created 
by eectrical stimulation. Convincing evidence for 
place pitch, however, could only be demonstrated 
for =pnsteady state stimuli (single pulses, slow 
repetzion rates, or brief bursts at very high rates). 
There seemed to be no special perceptual character- 
istic, by either place or rate stimulation, which 
seemed unique for an individual electrode; ie, that 
woulc allow the subjects to know specifically which 
electrode was being stimulated. 


Rew pitch DLs were limited to a maximum of 
about 350 Hz, excepting one electrode with a 450 
Hz limit. Simultaneous alternating stimulation of 
two dectrodes did not extend the useful range of 
rates, even though the combined rate extended to 
700 Fz, the DLs were roughly twice as large. These 
stimu ations did, however, clearly demonstrate that 
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simultaneous stimulations on two electrodes do re- here, provide good evidence that multichannel 


main at least partially separate in their perception. stimulation does transfer more information than 
This observation, along with others not mentioned single-channel stimulation. 
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Electrophysiological experiments were conducted 
to determine “optimum” intracochlear locatiens for 
bipolar elements of a multichannel cochlear pros- 
thesis. Brainstem evoked response (BSER) mapping 
procedures were used to define the spread of excita- 
tion across the auditory nerve array as a function of 
stimulus current level for different bipolar electrode 
locations and configurations. 


The mapping experiments were conducted in two 
different deaf animal populations: a) cats which 
were deafened just prior to being studied in an 
acute mapping experiment, by slow infusion ef neo- 
mycin sulfate into the cochlea via the round win- 
dow; and b) cats which were deafened by daily in- 
tramuscular administration of neomycin sulfate. 
These animal models were differentiated on the 
basis of the histological consequences of both dezaf- 
ening procedures and were classified on the bas:s of 
the extent of auditory nerve survival into high and 
low nerve-survival groups. 


Experiments were conducted in the dissected 
cochleas of the anesthetized cats. Electrodes were 
positioned on the superior surface of the most basal 
(approximately 13 mm) part of the scala tympari. A 
bipolar pair of elements, which were platinum-iri- 
dium balls of 100-500 yp in diameter (typically 200), 
were positioned using micromanipulators, and a 
BSER intensity series was derived for each position. 
Stimuli were biphasic pulses, 100 ys per phase, and 
were presented 500 or 1000 times at a rate of 20"s to 
derive each BSER. 


Since previous experiments had indicated a mon- 
otonic relationship between relative BSER ampli- 
tude and number of nerve fibers excited,' rate of 
growth of BSER amplitude as a function of stimulus 
current level was considered to be indicative-of the 
spread of excitation across the nerve array. Using 
relative RMS amplitude functions derived from the 
BSERs, three kinds of electrode placement effects 
were studied in these cats: a) orientation of a bipol- 
ar pair, b) interelectrode separation or distance 


P. A. LEAKE-JONES, PhD 
M. SILVERMAN, BS 


SAN FRANCISCO, CALIFORNIA 


within an electrode pair, and c) mediolateral place- 
ment ver the upper surface of the scala tympani. 


On « first level of understanding, studies of elec- 
trode pair orientation indicated that “ideal” elec- 
trode elements should be positioned longitudinally, 
ie, parallel to the long axis of the basilar membrane, 
or at least at an angle away from the radial. Effect 
of interelectrode separation is generally described 
by the root mean square (RMS) functions in Figure 
1, whch shows the effect of increasing interelec- 
trode distance of a longitudinally-oriented pair 
from 2 minimum of 0.3 mm (curve 1) to a maxi- 
mum af about 7 mm (curve 8). Merzenich et al give 
a mor=detailed description of some of these effects.? 
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Fiw. 1. Relative RMS amplitudes of cat BSERs 
(N = 1000) as a function of stimulus current level and elec- 
troce placement. Ipsilateral BSERs were recorded during 
biphasic electrical stimulation, as described earlier. Elec- 
troces were positioned parallel to the long axis of the 
basilar membrane. Interelectrode distance was systemati- 
cally increased, from a minimum of 0.3 mm (curve 1) to a 
mas=mum of about 7 mm (curve 8). 
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Fig. 2. Relative RMS amplitude of cat BSERs (N = 1000) 
as a function of stimulus current level and mediolateral 
electrode placement on the superior surface of the scala 
tympani. ipsilatera. BSERs were recorded during biphasic 
electrical stimulaticn (100 ys each phase, 20/s, 113 dB=1 
mA). These five electrode pairs were all oriented parallel 
to the long axis of the sochlea. Interelectrode separation 
was a constant 1.2 mm. Curve 5 was derived with the elec- 
trodes positioned over the basilar membrane. Curve 4 was 
ppa ome the bony spiral lamina, midway between the 
basilar membrane and the medial edge of the bony spiral 
lamina. Curve 3 wes derived with the electrodes along the 
medial edge of the bony spiral lamina. Curves 2 and 1 
were derived with zhe electrodes positioned in two equal 
steps farther medialward. In this cochlea, lowest threshold 
ai largest amplitude responses were consistently recorded 
along the medial edge of the bony spiral lamina. 


EUA 11S. 


In low nerve-survival cats, thresholds decreased 
and growth rates of BSER amplitudes increased as 
interelectrode distance was increased. In high 
nerve-survival cats, thresholds and growth rates of 
BSER amplitudes were only nominally affected un- 
til interelectrode distance exceeded 1 mm. 


Given the findings that indicated a longitudinal- 
ly-oriented electrode pair with a relatively narrow 
interelectrode separation produces a low threshold 
and a slow growth of BSER amplitude, and there- 
fore a slow spread of excitation across the nerve ar- 
ray, the effect of mediolateral placement of an elec- 
trode pair was then investigated. Figure 2 shows 
RMS amplitude functions for a low nerve-survival 
cat that were derived using a longitudinally- 
oriented electrode pair having a constant separation 
of 1.2 mm. The functions represent successive medi- 
olateral placements progressing from over the basi- 
lar membrane (curve 5) to maximally medialward 
(curve 1). In low nerve-survival cats, optimal ex- 
citation was observed with electrode placements 
over Rosenthal’s canal. In high nerve-survival cats, 
discrete low-threshold excitation was effected with 
the electrode positioned anywhere across the spiral 
lamina. 


In summary, the results of these mapping experi- 
ments, to date, indicate that appropriate discrete 
stimulation of the auditory nerve array can be 
achieved using bipolar electrode pairs and that such 
electrode elements are suitable for the development 
of a multielectrode array. It is clear that orienta- 
tion, separation, and mediolateral placement of the 
elements of the electrode pair are critical for effect- 
ing discrete stimulation of the auditory nerve array. 
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OPTO-ISOLATED STIMULATORS USED FOR ELECTRICALLY 
EVOKED BSER 


SOME OBSERVATIONS ON ELECTRICAL ARTIFACT 
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This lab uses optically isolated voltage contrelled 
constant current stimulators in its animal ex- 
periments. The stimulators are an “in house” design 
and are normally used in conjuction with the D/A 
output on our Nova computer; in most of our work 
a 100 us per phase biphasic pulse is used. The prin- 
cipal advantages of these stimulators in the research 
environment are 1) ability to produce a relat-vely 
high isolated current — up to 17.2 mA peak to deak 
into a 10 kQ load (with an overall dynamic range of 
85 dB), 2) ability to take any shape waveform and 
produce a constant current output of the same 
shape, 3) simplicity of design and construction, 4) 
relatively low artifact operation in electrically 
stimulated BSER experiments, and 5) a high ovtput 
impedance — approximately 10 Meg. 


Operation. The calibration procedure will serve 
to illustrate the operation of the stimulator (F gs. 1 
and 2): A digital to analog converter (D/A) is driven 
by the computer, the output of the D/A goes to a 
digital attenuator, the output of the attenuacor is 
connected to the stimulator. The stimulatorin5ut is 
600 Q to match the impedance of the attenuato-; the 
input to the unisolated side of the Burr Brown 3652 
is differential (for common mode noise rejection); 
the 3652 provides a gain of 10 and an isolatec out- 
put, which drives the analog devices 171j, which is 
configured as a voltage controlled constant current 
source; the 5kQ pot is adjusted until a 10 V drop is 
measured across the precision 10kQ  calivrate 
resistor, at this point, the current source is cali- 
brated for 1 mA for a given attenuator setting. It 
can be seen, that the load is in series with the 5kQ 
pot to ground; the voltage drop across the poz will 
always try to seek the voltage present at the nonin- 
verting input of the AD 171j. The stimulator exhib- 
its a 1 V in to 10 mA out linear transfer charac- 
teristic. The series capacitors serve as added protec- 
tion against direct current potentials. The limita- 
tion of this stimulator circuitry is the frequency 


respor se of the opto-isolators (3652), which is 3 dB 
dowr at 15kce. 


Measurements Performed on Stimulators. The in- 
put t the stimulators was shorted with a 1.8 m 
piece of wire to ground, the observed output noise 
was measured across a 10k load, 10 mV peak to 
peak of wide-band high frequency noise was ob- 
serv== (0.5 „A peak); the stimulators were driven 
with a 10 ke sine wave, the output reached 130 V 
(13 mA peak to peak) before clipping would occur 
with 87.5 V batteries and the output reached 172 V 
(17.2 mA) with 90 V batteries; this equates to an 82 
dB acd 85 dB dynamic range. 


E!=trical Artifact During Electrically Stimu- 
lated BSER Experiments. In this instance, “electri- 
cal artifact” is defined as a component of the elec- 
trica stimuli, which appears to extend in time past 
the =d of the biphasic pulse (Fig. 3). 


A >w observations have been made, which con- 
sisten-ly correlate with the time after stimulation of 
the <tifact is present. 1) On the evoked response 
mor oring amplifier or preamplifier a setting of = 
100 =z high pass and/or a = 10 kc low pass filter 
settim z will increase the duration of the artifact. 2) 
In a near type electrical stimulator a flat frequen- 
cy r=ponse below 10 kc, decreases the artifact. 3) 
Due = the low level of the BSER signal (microvolt 
and ibmicrovolt) the settling time measured to a 
mic- molt level is important and should be closely 
observed when evaluating digital (pulse only) stim- 
ulators or linear stimulators used in pulse modes. 


Gemerally, construction techniques which mini- 
mize any type of coupling between unisolated and 
isolaced stages appears to reduce artifact. Being 
cognezant of these factors doesn’t assure artifact- 
free BSERs, and other factors not easily able to be 
cor-ated also contribute to electrical artifact. 
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Fig. 3. Growth of electrical artifact as intensity of 
stimulation grews is illustrated. The plots are of a cat 
BSER with a maximum stimulus intensity of 2 mA. 


COCHLEAR PROSTHESES 
A HISTOLOGICAL EXAMINATION OF IMPLANTED CATS 


R. A. WALLOCH, PhD 
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J. A. FENWICK, BS 
R. A. BOBERG, BS 


EORTLAND,. OREGO™ 


Within recent years, the cochlear implants have 
provided the sensation of hearing to a number o° the 
totally deaf. Despite this impressive progress ir de- 
velopment of the cochlear implant, many signifi- 
cant questions remain. Among these is the potential 
damage to the cochlea and auditory nerve fibers. 


To study the effects of chronic implantatien and 
electrical stimulation of the cochlea, five benav- 
iorally trained cats were implanted with multielec- 
trode arrays (Table 1). Four of the cats received im- 
plants similar to those developed by Dr. R. 
Michaelson and the fifth cat received an implant of 
the type designed by Dr. W. House. 


Immediately after implantation, the cats had rel- 
atively high electrical thresholds which decreased 
about 60-70% within the following three morths. 
This drop in thresholds within the first few months 
of stimulation had been mentioned by other investi- 
gators at this Cochlear Prosthesis Conference. 
When the thresholds appeared stabilized (Tabe 1, 
column 5), the behavioral study was begun.’ That 
study demonstrated that pulse width but not pulse 
repetition rates affect reaction times. Througnout 
the study the cats were stimulated for one hour dai- 
ly, five days a week. 


After a period of consistent threshold recording 
(column 5), the thresholds began to increase ir the 
three cats with Michaelson-type electrodes. This in- 
crease in thresholds was not observed in the single 
cat with the House-type electrode. In a few weeks, 
these thresholds had increased to the point waere 
behavioral data could no longer be obtained. At 
that point, the cats were sacrificed and histology 
performed. Interestingly, a higher amount of cur- 
rent was used in the three cats with the Michaelson- 
type implant. 


Cat 1 actually had both ears implantec. The 
head plug became dislodged only a few days after 
receiving the first implant. At that time, the cor tra- 
lateral ear was implanted. Therefore, cat 1 had a 


Michaelson-type electrode in each cochlea, how- 
ever only the left cochlear implant was stimulated. 


When the cats were sacrificed, gross inspection 
was made of their bullae. All electrodes appeared 
properly oriented in the round window. Cat 2 had 
considerable stenosis of the bulla with concomitant 
obliteration of the external auditory meatus. 


Microscopic examination of the ears revealed 
char ges similar to those described by other investi- 
gators>5 (Table 2). The basal turns of all implanted 
ears showed some sensory cell loss which ranged 
from a few scattered missing hair cells (cat 1, right 
ear) to almost complete degeneration of the organ 
of Corti in cat 3. Nerve fiber and ganglion cell 
degeneration varied from place to place and was 
least in cat 1, right ear. 


Tere was considerable variation between ani- 
mals in the apical turns. Ears of cat 1, right, and cat 
4, right, had normal apical turns, whereas the left 
ear of cat 1, had considerable outer hair cell loss. In 
mos- cats, the ganglion cell loss fit in with the sen- 
sory cell degeneration. In the exception, cat 5, only 


TABLE I. SUMMARY OF CHRONIC ELECTROCOCHLEAR 
STIMULATION IN CATS 


Length of 
Implant Sacrifice Sacrifice BT  Stimula- 
Cat Date ET Date Reason (pA) tion (mo 
IR 8-3-77 M 6-29-78 Head plug NS NS 
pulled out 
1L = 8-22-77 M 6-29-78 HT 300 4 
2 7-28-77 M 6-29-78 HT 300 ] 
3 7-27-77 M 5-14-78 HT 175 5 
4 8-18-77 H 6-29-78 End of 50 6 
Study 
5 1-13-77 M 3-24-77 Head plug 175 NA 
pulled out 


ET - Electrode type: M - Michaelson; H - House; HT - High threshold; 
BT - Best thresholds; NS - Not stimulated; NA - Not applicable. 
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TABLE 2. HISTOLOGICAL EXAMINATION OF IMPLANTED COCHLEA. 


1R IL 
Stimulating current NS 300 uA 
Basal turn 
Hair cells Few scattered Some degen. 
OHC lost IHC; some 
missing OHC 
Spiral ganglion Some sl. loss,  *⁄4-'4 lost 
most at RW 
Apical turn 
Hair cells OK Mos OHC 
los: 
Spiral ganglion OK 1-1, lost 
Bone growth or deposit at Slight Larze 
round window 
Debris in scalae in basal turn se t. & se v. Sligit 
Apical turn bone No No 
Debris in apical turn Yes No 
Penetrated basilar membrane No No 
Other observations Hyarops 
throughout 


2 3 4 5 
300 pA 175 pA 50 pA NS 
Many hair Almost com- Many hair Complete 
cells degen. plete degen. cells lost degen. 
1/,-3/, lost "4-3/4 lost "4-3/4 lost 4-4), lost 
Some loss of Some loss of OK Almost com- 
OHC OHC plete degen. 
Sl. loss "4-7/4 lost Probably OK Sl. loss 
Large Slight Slight Extensive up 
into basal turn 
No Yes Yes Yes 
No No No No 
No No Yes Yes 
No No Yes Yes 
Elec. broke 
through sp. lam. 
& Reissner’s in 
T, RW 


NS - Not stimulated; Sl. - Slight; Degen. - Degeneration; PW - Round window; sc t. - Scala tympani; sc v. - Scala vestibuli; elec. - Electrode; sp. lam. - 


Spiral lamina. 


slight loss of the apical spiral ganglion was observed, 
although the hair cells were almost completely 
degenerated. 


All cats showed some new bone formation but 
this was limited to a small area at the round win- 
dow and was probably related to injury or infec- 


tion. Except for cat 5, extensive new bone growth 
was not seen in the scalae for the remainder of the 
cochlea as described by Leake-Jones et al.” 


Cat 5 was the first animal implanted and new 
bone had formed near the tip of the electrode where 
it had penetrated the spinal lamina. 
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CHRONIC ELECTRICAL STIMULATION WITH INTRACOCHLEAR 
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The insertion of an array of bipolar elect-ode 
pairs (embedded in a molded Silastic® carrier) into 
the scala tympani of the cochlea has been proposed 
as a means of effecting multichannel stimulaticn of 
the eighth nerve in profoundly deaf patients. Since 
electrical stimulation can destroy as well as activate 
neural tissue,'? use of such multielectrode amrays 
depends on an empirical definition of long-term 
stimulus conditions resulting in cochlear damage. 


Cats were implanted with two channel (+-wire) 
bipolar electrode arrays having PtRh (90:10) elec- 
trodes with spherical tips (200-300 „ in diameter) 
and interelectrode separations of 1-2 mm. The 
brainstem evoked response (BSER) was recorded to 
monitor physiological responses to biphasic palsa- 
tile stimulation in these chronic preparations. 
Baseline data (ie, threshold of BSER, growta of 
magnitude of BSER as a function of increase in 
stimulus current intensity level, electrode im- 
pedance measurements) were collected over a ‘wo- 
week to six-month period following surgery. During 
this period a single electrode pair was selectec for 





test. Animals were then exposed to long periods 
(120-1.000 hours) of continuous high level stimula- 
tion: 40-200 »C/phase/cm? real surface area, 100 
us/phase in duration at 20-25 pulses/s. Stimuli were 
delivered through a portable constant-current 
stimulating system designed to ensure delivery of 
charze-balanced biphasic waveforms. 


The animals were tested frequently during the 
period of stimulation and for 8 to 20 days following 
cessation of stimulation with a standard intensity 
series. Since extensive neural changes in the cochlea 
are not induced by the presence of an electrode ar- 
ray of this type? an elevation in the threshold of 
BSE = and/or a change in the magnitude of response 
at a given level of current, were interpreted as in- 
dication of stimulus induced damage to the cochlea. 
Stable electrode impedances would indicate wheth- 
er observed changes were physiological rather than 
mechanical in nature, eg, breaks or leaks resulting 
in cominished current flow. Additional control 
studs insured that electrophonic activation of the 
contralateral cochlea did not contribute to the elec- 
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Fig. 1. Threshold of BSER recordings during the baseline period. During this time implanted animals are periodically 
monitored awaiting initiation of chronic stimulation. Data from eight animals indicate that thresholds are stable for periodi 


as great as six months Ee se Data re growth of ma 
sponsiveness of eighth nerve during the prestimalation period. 
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Fig. 2. A) Theshold of BSER recordings over the total 
time of study fæ one representative case. No significant 
change in respcase occurs during periods of 2mA (50 
araa Anin -r 4mA (100 »C/phase/cm?r) stimulation. 
Only a slight elevation follows introduction of 8mA (200 
uC/phase/cm?r) timulation. The major shift in threshold 
occurs following the cessation of stimulation. B) The 
growth of magn=ude of response as a function of increase 
in stimulus current intensity level is displayed for the same 
case. Some chanse is indicated during the period of 4mA 
(100 »C/phase/c-?r) stimulation. Most dramatic changes 
occur follawing fhe administration of 8mA (200 »C/phase/ 
cm?r) stimulatio. and following the cessation of stimula- 
tion. In several of the cases studied changes in respon- 
siveness appearee in the growth of magnitude of response 
functions before they were manifested as changes in 


threshold. 


trically evoked »esponse. Results are based on data 
obtained from rine animals studied over periods of 
two to nine morchs. 


Despite the mdividual differences in stimulus 
regimes, several features are common to all animals 
which showed a change in response. Electrode im- 
pedances in all -nimals were stable throughout the 
entire period əf testing, ie, baseline through 
poststimulation periods. In prior-normal cases, no 
change in physblogical response was seen during 
the baseline pesiod, ie, during the time in which 
electrodes were n situ but not subjected to signifi- 
cant stimulatior (Fig. 1). These data demonstrate 
that nontraumafic insertion and a significant period 
of indwelling (siz months) are not sufficient to elicit 
physiological changes. 





Cases which were treated with neomycin prior to 
implantation had gradually diminishing physiologi- 
cal responses during the prestimulation period. 
Since changes in baseline data occurred only within 
this subgroup, these can be correlated with degen- 
erative changes associated with ototoxically in- 
duced cochlear pathology. 


No change in physiological response was seen fol- 
lowing periods of 50 „C (48-800 hours) and 100 „C 
(96 hours) stimulation. When the stimulus level was 
adjusted to 200 „C, changes were finally observed, 
but these did not appear immediately after the in- 
crease. Evidence of an elevation in BSER threshold 
emerged slowly and in some cases was seen only 
after the cessation of stimulation. Significant 
changes in the growth of magnitude of response of 
BSER were observed concurrent with changes in 
threshold. Figure 2 illustrates threshold measure- 
ments and the magnitude of response (at three spe- 
cified intensity levels) over the total time course of 
stimulation for one representative case. Preliminary 
data suggest that by limiting stimulation to levels 
below 40 »C/phase/cm? real surface area, the exten- 
sive damage which resulted from exposure to the 
very high charge densities employed in this study, 
may be prevented. 


In all damaged cases studied, two effects were ev- 
ident in the cochlear material examined: 1) pres- 
ence of new bone growth within the scala tympani 
and 2) degeneration of auditory nerve fibers and 
spiral ganglion cells. Both of these effects were most 
prominent in the region of the cochlea correspond- 
ing to the stimulated electrode pair." 


These data have significant implications for the 
application of scala tympani prostheses. Indications 
of damage to the cochlea following electrical stimu- 
lation emerge very slowly, even when the stimulus 
level is set purposely high in an attempt to ensure 
damage. In fact, had our protocol been modeled on 
investigations of safe limits for other applications 
(stimulus exposure usually less than two days) we 
would not have observed any physiological indica- 
tions of detrimental effects to the cochlea following 
electrical stimulation representing charge densities 
as great as 200 „C. Furthermore, results of monitor- 
ing BSER following the cessation of stimulation 
demonstrate that the active process(es), once 
evoked, have continuing effects, ie, effects which 
do not reverse, nor cease following a lengthy recov- 
ery period. 


The complement of physiological and histological 
results suggest several mechanisms for the damage 
elicited in these cases: 1) Bone growth may displace 
the electrode, situating it further away from its 
target structures or may provide an additional im- 
pedance barrier within the cochlea. 2) Nerve dam- 
age could result when reaction products are re- 
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leased in electrochemical activity occurring at the 
electrode-tissue interface. Some of these reactions 
are prevented by the use of balanced biphasie pulses 
which allow charge injection to occur via dot ble- 
layer charging.’ Prevention of oxidation of sa ine, 
metal and organics, however, requires that charge 
densities be restricted according to empirically 
defined limits. 3) Nerve damage could result trom 
electrical and/or chemical changes brought avout 
by the presence of new bone within the cochlea. 4) 


Damage to nerve could result from interference 
with the vasculature supplying that area. 

It s not clear which process or combination of 
processes are active in this damage model. There is 
little likelihood that rapid onset etiologies are 
respcmsible for the effects we have observed. The 
delayed emergence and the progressive nature of 
physblogical changes are most compatible with 
hypo heses related to deposition of new bone and/or 
accumulation of toxic ions at the nerve. 
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When cats a e implanted with a Silastic® scala 
tympani insert mtroduced nontraumatically via the 
round window, nearly all the auditory nerve fibers 
survive the long-term implantation.' However, 
numerous physological studies reveal that these 
cats are profoundly deaf in the implanted ear.?? 
This deafness leads to a “silencing” of brainstem 
auditory nuclei (from the cochlear nuclei to the in- 
ferior colliculi) hat receive excitatory input mainly 
from the deafered ear. This prolonged inactivity, in 
turn, can cause morphological and functional 
changes that hawe classically been regarded as “de- 
generative’ in the affected nuclear groups. An in- 
dex of functional changes can be derived histochem- 
ically by deternining the level of cytochrome ox- 
idase activity. Normally, functioning auditory 
neurons have hah levels of cytochrome oxidase ac- 
tivity, presuma ly reflecting a high rate of energy 
utilization. Sebsequent to chronic unilateral 


deafness, the level of cytochrome oxidase activity 
auditory relay nuclei is 


within the “sitenced” 
dramatically re luced.* 


In order to test for the effect of reactivating “si- 
lenced” neuronal populations by elecrical stimula- 
tion, we have examined cytochrome oxidase activity 
in the brainstem auditory nuclei of two cats that 
were unilaterally deafened for five to six months, 
and then continuously stimulated for about one 
month. 


Stimuli were biphasic pulses delivered at a rate of 
20 pps. The animals were monitored physiologically 
throughout the experiment by recording brainstem 
evoked responses. The evoked potentials indicated 
that all (or nearly all) cochlear nerve fibers were ex- 
cited by the applied electrical stimuli, throughout 
the stimulation period. After cessation of contin- 
uous stimulation, several additional brief periods of 
stimulation were given during interim survival 
times of 8 days for one cat and 15 days for the other. 


Serial frozen sections through the brainstem were 
cut and incubated for cytochrome oxidase, using 
the technique as described before.* In examining 
those nuclear groups that received their excitatory 





Fig. 1. Coronal sections through the level of the posterior ventral cochlear nuclei (PVCN) incubated for cytochrome ox- 
idase activity without any counterstaining. Compare the b) normal with the c) Sy, -deafened and stimulated sides 


from the san= section. By contrast, the PVCN from a representative deafened an 


ered level of =ytochrome oxidase activ ity. (x20) 


nonstimulated case (a) shows a much low- 
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Fig. 2. Coronal section through the level a olivary com>eex from the sides a) contra- and b) ipsilateral to the 


stimulated ipank, incubated for cytochrome oxi 
tween the me 


level. (x20) 


input directly and/or indirectly from the ex- 
perimental ear, it was found that their evds of 
cytochrome oxidase activity had almost reached 
those of the control sides. Within the ipsilateral ven- 
tral cochlear nuclei (Fig. 1b, c), the contralateral 
medial nuclei of the trapezoid body (Figs. 2a, b; 3b, 
c), the ipsilateral lateral superior olive and 
periolivary nuclei (Fig. 2a, b), the contralateral 
nuclei of the lateral lemnisci and the contralateral 
caudal inferior colliculi, the levels of enzyme sain- 
ing were moderately decreased in the high “recuen- 
cy representational aspect. The levels increased in 
the lower-frequency representational regions, and 


ys 





se activity witho + counterstaining. Little difference is detectable be- 
ial nuclei of the trapezoid body, the medial superior olive and the lateral superior olive of the two sides at this 


became closely comparable (if not identical) to the 
control sides through one third to one half of the ex- 
tent əf each nucleus. As with unilaterally deafened, 
unstimulated cats, there was little difference be- 
tween the dorsal cochlear nuclei and the medial su- 
peria olive of the two sides. 


In comparison to chronically implanted, non- 
stimelated cases described previously,* the present 
date indicated that, within the parameters of the 
programmed stimulation employed, the level of 
cytochrome oxidase activity was significantly high- 
er than in nonstimulated cats, and approached that 





L 


Fig. 3. Higher magnification of neurons within the medial nucleus vf the trapezoid body, incubated for cytochrome oxi- 
dase activity without counterstaining. The levels of cytochrome oxidas= activity are comparable between the one et 
input from b) the normal ear and those from c) the deafened and stimu ated ear. a) Representative neurons from a deafene 


and nonstimulated case, for comparison (x200) 
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of the normal (see Figs. la-c and 3a-c for compari- 
sons). The regions of lowest level of staining were 
zones of high frequency representation, and there- 
fore received input mainly from the basal turn of 
the cochlea. This lower level of staining was prob- 
ably accounted for by some damage to the auditory 
nerve array near the site of implantation. The por- 
tions of nuclear groups representing middle and low 
frequencies (middle and apical parts of the cochlea) 
appeared to have benefited from the effect of elec- 
trical stimulation, when compared to unstimulated 
implanted cochleas. The levels of enzyme activity 
reached in auditory relay nuclei in these cats reflect 
the consequences of continuous stimulation at rela- 
tively low rates (20 pps) for a relatively short time 
(about one month), following five to six months of 
profound deafness. With longer periods and/or 


higher rates of stimulation, the activity of oxidative 
enzymes in the affected nuclei might be further 
enhanced. The time lapse between the cessation of 
stimulation and sacrifice may have also been a fac- 
tor in determining the level of enzyme activity seen 
histochemically. 

Thus, our preliminary results demonstrate that 
auditory neurons deprived of normal input may be 
functionally quiescent, but they retain their ability 
to respond to subsequent stimulation. The re-acti- 
vation of “silenced” auditory nerve fibers by intra- 
cochlear electrical stimulation appears to result in 
at least partial restoration and maintenance of the 
level of oxidative enzyme activity close to that of the 
normal. Such plastic changes in the functional state 
of neurons are detectable histochemically by the 
cytochrome oxidase technique. 
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Bactrim succeeds 
even where 


= OTOSCOPIC VIEW 7 


Tympanic membrane Same patient Five-year-old female presented on 9/4/79 


with acute otitis media, pain, but no fever 
after 10 days of after 10 days of Treated with ampicillin 259 mg P.O. g.i.d. On 


ampicillin therapy, BACTRIM therapy, 9/14/79 tympanic membrane still bulging 
9/14/79 9/24/79 and yellow; no fever or pein but decreased 


energy and appetite. Bioassay to confirm 
compliance was positive or ampicillin. Case 
was considered an ampicillin treatment 
failure. Deep nasopharyngeal culture 
revealed heavy growth at H. influenzae 
resistant to ampicillin by disc sensitivity and 
beta-lactamase tests. On 9/14 therapy 
switched to Bactrim Peciatric Suspension 
1⁄2 teaspoonfuls (7.5 ml) 9./.d. Tympanic 
membrane no longer bulging by 9/18; 
movable, with normal arcnitecture, on 9/24 X 
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in acute otitis media’ 





AMOICIIIN Tals 


IN VITRO’ 


100% sensitivity. In a recent study of ampic |lin- 
resistant Haemophilus isolates, 191 H. influenzae 
strains were cultured from the middle ear, naso- 
pharynx and throat of children with acute otitis 
media. All 191 of these ampicillin-resistant strains 
proved sensitive to Bactrim in vitro." 

Dual action slows resistance. Resistance to 
ampicillin is now estimated to occur in 18% of all 
H. influenzae isolates nationwide, with some 
densely populated areas reporting resistance 
rates of nearly 40%.? The incidence of reported 
H. influenzae or S. pneumoniae in vitro resis- 
tance to Bactrim has been minimal. Dual-ection 
Bactrim attacks susceptible pathogens at two 
successive steps in their bacterial metabolism. It 
deprives the bacteria of folate coenzymes,?* 
and thus retards the development of resistant 
Strains. /n vitro studies have shown that bacz=rial 
resistance develops more slowly with Bactrim 
than with either component alone. 


*Due to susceptible H. influenzae or S. pneumoniae 
t/n vitro activity does not necessarily correlate with clinicalresults 


,.sueceeds with cherry flavor 


IN VIVO y 


93% efective. In two controlied clinical 
studie=0f children who had acute otitis media 
due to ampicillin-resistant H. influenzae or who 
were urresponsive to aminopenicillins, therapy 
with B= trim proved successful in 25 of 27 
patients —93% overall efficacy." 

Unexcelled efficacy with B.I.D. convenience. 
IN a recent comparative study of 132 children 
with acute otitis media due to H. influenzae or 
S. pneumoniae, Bactrim on a b.i.d. dosage 
schedule achieved a level of efficacy unex- 
celled By ampicillin g..0.° There was a similarly 
low incaence of side effects (see adverse 
reactioms section in the product information). 
Bactrim also proved superior at eradicating H. 
influer zae in nasopharyngeal cultures. Bactrim 
is Con:indicated in patients hypersensitive to 
its Cor enents and in infants under two months. 
To dat= there are limited data on the safety of 
repeated use of Bactrim in children under two 
years — age. Bactrim may be administered to 
patients allergic to penicillins. 


References: 1. Data on file, Hoffmann-La Roche Inc., Nutley, NJ. 2. CDC 
warns Hernapnhilus flu is gaining in war with ampicillin. Med World News 
21:16, 21, Wine 23, 1980. 3. Burman LG: Lancet: 1409, June 28, 1980. 

4. Hitchincs GH: J Infect Dis 128 (supp!): S433 S436, Nov 1973 

5. Bushby SRM: J Infect Dis 128 (suppl): 5442-8462, Nov 1973. 

6. Shurin F~, et al: J Pediatr 96: 1081-1087, June 1980. 








sactrim 
Pediatric 


(40 mg tamethoprim and 200 mg Spanair per 5 ml) 


suspension 





and BLD. convenience. too. 


Please see summary of product information on following page. 


In acute otitis media* 


Bactrim Pediatric 


suspension (40 mg t»methoprim and 200 mg sulfamethoxazole per 5 ml) 


succeeds 


*Due to suscep ibie H. influenzae or S. pneumoniae 





Before prescribing, please ennsult complete product information, a summary 
of which follows: 

Indications and Usage: For the treatment of urinary tract infections cue to 
susceptible strains of the fo lowing organisms: Escherichia coli, Klebsiella- 
Enterobacter, Proteus mirabilis, Proteus vulgaris, Proteus morganil. It is recom- 
mended that initial episodes of uncomplicated urinary tract infections be 
treated with a single effective antibacterial agent rather than the compination. 
Note: The increasing frequeney of resistant organisms limits the usefulness of all 
antibacterials, especially in these urinary tract infections 

For acute otitis media in chidren due to susceptible strains of Haemephilus 
influenzae or Streptococcus pneumoniae when in physician's judgment it offers 
an advantage over other antimicrobials. Limited clinical information presently 
available on effectiveness o treatment of otitis media with Bactrim when 
infection is due to icillie-resistant Haemophilus influenzae. To date, there are 
limited data on the safety ofwepeated use of Bactrim in children under two years 
of age. Bactrim is not indic@ed for prophylactic or prolonged administration in 
otitis media at any age. 

For acute exacerbations of cnrenic bronchitis in adults due to susceptible strains 
of Haemophilus influenzae or Streptococcus pneumoniae when in physician's 
judgment it offers an advantage over a single antimicrobial agent. 

For enteritis due to susceptible Strains of Shigella flexneri and Shigella sonnei 
when antibacterial therapy i: indicated. 

Also for the treatment of doaumented Pneumocystis carinii pneumonitis. To date, 
this drug has been tested omiy in patients 9 months to 16 years of agewho were 
immunosuppressed by cancar therapy. 

Contraindications: Hypersersitivity to trimethoprim or sulfonamides; patents with 
documented megaloblastic am=mia due to folate deficiency; pregnancy at term; 
nursing mothers because sulfcnanides are excreted in human milk and may cause 
kernicterus; infants less than < months of age 

Warnings: BACTRIM SHOUL NOT BE USED TO TREAT STREPTOCOCCAL 
PHARYNGITIS. Clinica! studies snow that patients with group A B-hemolyaic 
streptococcal tonsillopharyng) is have higher incidence of bacteriologic failure when 
treated with Bactrim than do those treated with penicillin. Deaths from hypersensi- 
tivity reactions, agranulocytoss, aplastic anemia and other blood dyscrassas have 
been associated with sulfonamides. Experience with trimethoprim is much more 
limited but occasional interference with hematopoiesis has been reported as well as 
an increased incidence of thrombopenia with purpura in elderly patients on certain 
diuretics, primarily thiazides. Sore throat, fever, pallor, purpura or jaundice may be 
early signs of serious biood di.orders. Frequent CBC's are recommended therapy 
should be discontinued if a si@nificantly reduced count of any formed blocd element 
is noted 

Precautions: General: Use cauticusly in patients with impaired renal or hepatic 
function, possible folate deficiency, severe allergy or bronchial asthma. In patients 
with glucose-6-phosphate dehydrogenase deficiency, hemolysis, frequent'y dose- 
related, may occur. During the apy, maintain adequate fluid intake and per*orm 
frequent urinalyses, with carefe! microscopic examination, and renal function tests 
particularly where there is impaired renal function. Bactrim may prolong prothrombin 
time in those receiving warfarir: reassess Coagulation time when administering 
Bactrim to these patients 

Pregnancy: Teratogenic Effect: : Pregnancy Category C. Because trimethaprim and 
sulfamethoxazole may interfere with folic acid metabolism, use during pregnancy 
only if potential benef ts justifyethe potential risk to the fetus 

Adverse Reactions: Ali major-eactions to sulfonamides and trimethoprim are 
included, even if not reported with Bactrim. Blood dyscrasias: Agranulocy‘osis 
aplastic anemia, megaloblastic aremia, thrombopenia, leukopenia, hemolytic 
anemia, purpura, hypoprothrombinemia and methemoglobinemia. Allergicreactions 
Erythema multiforme, Stevens-Johnson syndrome, generalized skin eruptiens 
epidermal necrolysis, urticaria serum sickness, pruritus, exfoliative dermatitis. 
anaphylactoid reactions, peric’bital edema, conjunctival and scleral injecton 
photosensitization, arthralgia and allergic myocarditis. Gastrointestinal reactions 
Glossitis, stomatitis, nausea, emesis, abdominal pains, hepatitis, diarrhea and 
pancreatitis. CNS reactions: Headache, peripheral neuritis, mental depression 
convulsions, ataxia, hallucinations, tinnitus, vertigo, insomnia, apathy, fatique 
muscle weakness and nervousness. Miscellaneous reactions: Drug fever, @hills, toxic 
nephrosis with oliguria and anria. periarteritis nodosa and L.E. phenomeron. Due to 
certain chemical similarities toSsome goitrogens, diuretics (acetazolamide. thiazides) 
and oral hypoglycemic agents. su fonamides have caused rare instances of goiter 
production, diuresis and hypoglycemia in patients; cross-sensitivity with these 
agents may exist. In rats, long- erm therapy with sulfonamides has produced thyroid 
malignancies 

Dosage: Not recommended fer infants less than two months of age. 

URINARY TRACT INFECTIONS-AND SHIGELLOSIS IN ADULTS AND CHILDREN, AND 
ACUTE OTITIS MEDIA IN CHILDREN 

Adults: Usual adult dosage for urinary tract infectiorls—1 DS tablet (double strength), 
2 tablets (single strength) or 4 asp. (20 mi) b.i.d. for 10-14 days. Use identical daily 
dosage for 5 days for shigellosss 

Children. Recommended dosame for children with urinary tract infections ar acute 
otitis media—8 mg/kg trimethcorim and 40 mg/kg sulfamethoxazole per 24 hours, in 
two divided doses for 10 days. Jse identical daily dosage for 5 days for shgellosis 
For patients with renal impairment. Use recommended dosage regimen when 
creatinine clearance is above D ml/min. If creatinine clearance is between 15 and 
30 ml/min, use one-half the usual regimen. Bactrim is not recommended if creatinine 
clearance is below 15 mi/min 

ACUTE EXACERBATIONS OF CHRONIC BRONCHITIS IN ADULTS 

Usual adult dosage: 1 DS table (double strength), 2 tablets (single strengt™) or 

4 teasp. (20 ml) b.i.d. for 14 dars 

PNEUMOCYSTIS CARINII PNEwMONITIS 

Recommended dosage: 20 mg kg trimethoprim and 100 mg/kg sulfamethoxazole per 
24 hours in equal doses every & hours for 14 days. See complete product information 
for suggested childrer's dosage table 

Supplied: Double Strength (D& tablets, each containing 160 mg trimethoprim and 
800 mg sulfamethoxazole, bott=s of 100; Tel-E-Dose*® packages of 100: Prescription 
Paks of 20 and 28. Tablets, eam containing 80 mg trimethoprim and 400 mg sulfa- 
methoxazole—bottles of 100 amd £00; Tel-E-Dose® packages of 100; Prescziption 
Paks of 40. Pediatric Suspensicn, containing 40 mg trimethoprim and 200 mg sulfa- 
methoxazole per teaspoonful (£ ml); cherry-flavored — bottles of 100 ml anc 16 oz (1 
pint). Suspension, containing 49 mg trimethoprim and 200 mg sulfamethoxazole per 
teaspoonful (5 ml); fruit-licorice flavored—bottles of 16 oz (1 pint) 


ROCHE LABORATDRIES 
Division of Hoffmann-La Roche Inc. 
> Nutley, New Jerse» 07110 








HILGER 
FACIAL NERVE 
STIMULATOR 


the original, accepted 
instrument for nerve excitability 
testing in the evaluation and 
prognosis of facial nerve 
disorders 






HILGER FACIAL NERVE STIMULATOR 
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MODELS 2 AND 2R 


Recognized for its precision and reliability, 
the HILGER FACIAL NERVE STIMULATOR 
is the original instrument designed for clmical 
evaluation of the facial nerve, clinica 
testing of muscle tissue viability and for nerve 
identification and testing during surgery. 


The instrument features unique circuitry 


specially engineered to facilitate very accurate 


current measurements with readings 
Statistically valid through the range of 0.3 to 
10.0 milliamperes used for clinical testing. 


Model 2 is furnished with a replaceable bettery, 


Mode! 2R with a rechargeable battery. 
Both models are equipped with a battery test 
meter and are supplied with a bipolar probe 

for clinical testing and a pencil-sized 
probe for surgical use. The transistorized units 
are compact and lightweight for use in 
office or operating room. 


Detailed information is available from— 


WR mepicat 


ELECTRONICS CO. 


I995R WEST COUNTY ROAD B-2 
ST. PAUL, MINNESOTA 55113 
Also from WR— 
JAKO FACIAL NERVE MONITOR 
WR SURGICAL NERVE STIMULATOR 
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„OUt wh tadiffer nce! 
NEW improved 
formula 


RNADE 


Each Spansule® capsule contains 75 mg. phenyloropanolamine hycrochloride 
and 12 mg. chlorpheniramine maleate. 


0% more decongestant! 


Now 75 mg. phenylpropanolamine HCI 


0% more antihistamine! 


Now 12 mg. chlorpheniramine maleate 














...for the symptomatic cold and allergy relief’ 
most physicians want 


CONTAINS NO ANTICHOLINERGIC 


Before prescribing, see complete prescribing information Usage i®Pregnancy. Use in pregnancy and women who 


in SK&F literature. The following is a brief summary. migh: bear children only when potential benefits outweigh 
possible yazards 
Indications p Precaufiens: Use cautiously in persons with cardiovascular 
For symptomatic relief of nasal congestion, runny disease glaucoma, hypertension, prostatic hypertrophy, 
nose, sneezing, itchy nose or throat, and itchy and hyperthy-eidism, diabetes. 


watery eyes as may occur with the common edid Adverse-Reactions: Drowsiness, excessive dryness of 


nose. throat or mouth, nervousness or insomnia. Also, 


or in allergic rhinitis (e.g., hay fever). 





NB- A tina deierminaton Nas TOU been madhon the nausea -omiting, epigastric distress, diarrhea, rash, 
effectiveness of this drug combination in accordance dizzinese weakness, tightness of chest, angina pain, 
with efficacy requirements of the 1962 Amendments abdomral pain, irritability, palpitations, headache, incoor- 
to the Food. Drug and Cosmetic Act. dinatior , tremor, dysuria, difficulty in urination, thrombo- 
cs on E cytoperi., leukopenia, convulsions, hypertension, hypoten- 
Contraindications: Hypersensitivity to either ingredient: sion, arcexia, constipation, visual disturbances 


concurrent MAO inhibitor therapy; severe hypertension: 
lower respiratory tract conditions, including asthma: 
coronary artery disease; stenosing peptic ulcer: pyloroduo- 
denal or bladder neck obstruction. Children under 12: 
nursing mothers. 

Warnings: Caution patients about activities requiring alert- 
ness (e.g., operating vehicles or machinery). Warn patients 


i of possible additive effects with alcohol and other CNS Smith Kline & French Laboratories 
E depressants Phil=telphia, Pa. 


SKSSF 


a SmithKline company ©SmitaKline Corporation, 198-7 


Suppliec Bottles of 50 capsules; in Single Unit Packages 
of 109 capsules (intended for institutional use only). 


Septra 


Each teaspoonful (mil) contains: 40 mg trimethoprim a 


istent performer 


Burroughs Wellcome Co. 
Research Trangle-Park 
Wellcome | North Caroiina 27709 





EACH TEASPOONFUL (5 ML) CONTAINS: 40 MG 
TRIMETHOPRIM AND 200 MG SULFAMETHOXAZOLE 


WITH A GREAT CHERRY TASTE. 





The original pleasant tasting, cherry-flavored 


Septra’ Suspension b.i.d. 


Each teaspoonful {5 mb contains: 40 mg trimethoprim 
and 200 mg sulfamethcxazole 


A consistent perfc-mer in treating acute otitis 
media due to susceptible organisms. 


Septra’ DS b.i.d. 


Each tablet contains: 169 mg trimethoprim and 800 mg 
sulfamethoxazole 


Septra” DS Tablets Double Strength 
Septra’ Tablets 
Septra” Suspensicn 


INDICATIONS AND USAGE: 

URINARY TRACT INFE-TIONS: For the treatment of urinary tract 
infections due to susceptible strains of the following organisms: Es- 
cherichia coli, Klebsie..a-Enterobacter, Proteus mirabilis. Proteus 
vulgaris, Proteus morg» nii. It is recommended that initial episodes 
of uncomplicated urinary tract infections be treated with a single effec- 
tive antibacterial agent mther than the combination. 


NOTE: Currently, the inceasing frequency of resistant organisms is a 
limitation of the us2fulnss of all antibacterial agents, especially in the 
treatment of these urina y tract infections. 


ACUTE OTITIS MEDIA For the treatment of acute otitis media in 
children due to suscep™ble strains of Haemophilus influenzae or 
Streptococcus pneumoaiae when in the judgment of the physician 
Septra offers some adeantage over the use of other antimicrobial 
agents. Limited climical imformation is presently available on the effec- 
tiveness of treatment of >titis media with Septra when the infection is 
due to Haemophilus infauuenzae resistant to ampicillin. To date, there 
are limited data om the safety of repeated use of Septra in children 
under two years of age Septra is not indicated for prophyiactic or 
prolonged adminisczratios in otitis media at any age. 


SHIGELLOSIS: For the -reatment of enteritis caused by susceptible 
strains of Shigella flexrer’ and Shigella sonnei when antibacterial 
therapy is indicated. 


PNEUMOCYSTIS CARNII PNEUMONITIS: For the treatment of 
documented Pneunoc.stis carinii pneumonitis. To date, this drug 
has been tested ony in patients 9 months to 16 years of age who were 
immunosuppressed by sancer therapy. 


CONTRAINDICATIONS. Hypersensitivity to trimethoprim or sul- 
fonamides. Pregnamcy ard during the nursing period. Infants less than 
two months of age. 


WARNINGS: SEPTRA SHOULD NOT BE USED IN THE TREAT- 
MENT OF STREP”™OCCCCAL PHARYNGITIS. 


Clinical studies have documented that patients with Group A 
B-hemolytic streptococcal tonsillopharyngitis have a greater incidence 
of bacteriologic failure w? er treated with Septra than do those patients 
treated with penicillin as evicenced by failure to eradicate this organism 
from the tonsillopharyngeal area. 


Deaths associated with administration of sulfonamides have been re- 
ported from hypersensitix ty reactions, agranulocytosis, aplastic anemia 
and other blood dyscrasias. Experience with trimethoprim alone is 
much more limited, but Ccasional interference with hematopo esis has 
been reported as well as an increased incidence of thrombopenia with 
purpura in elderly patiens on certain diuretics, primarily thiazides. 


Sore throat, fever, pallor purpura or jaundice may be early signs of 
serious blood disorders. Frequent CBCs are recommended: therapy 
should be discontinued f a significant reduction in the count of any 
formed blood element is noted. 


PRECAUTIONS: Use with caution in patients with impaired renal or 
hepatic function, possibl folate deficiency, severe allergy or bronchial 
asthma. In glucose-6-phpsphate dehydrogenase-deficient individuals, 
hemolysis may occur (fr quently dose-related). During therapy, main- 
tain adequate fluid ntake and perform frequent urinalyses with careful 
microscopic examinatior and renal function tests, particularly where 
there is impaired renal funczion. 


Since Septra may prolog prothrombin time in patients on warfarin, 
coagulation time should De reassessed when Septra is given. 


ADVERSE REACTIONS All major reactions to sulfonamides and 
trimethoprim are imcludsd, even if not reported with Septra Blood 
Dyscrasias: Agranulocytosis, aplastic anemia, megaloblastic anemia, 
thrombopenia, leuxopermia, hemolytic anemia, purpura, hypopro- 
thrombinemia and m=themoglobinemia. Allergic Reactions: 
Erythema multiforme, Ssev2ns-Johnson syndrome, generalized skin 
eruptions, epidermel necsolysis, urticaria, serum sickness, pruritus, ex- 
foliative dermatitis, anapnylactoid reactions, periorbital edema, con- 
junctival and scleral injec on, photosensitization, arthralgia and allergic 


myocarditis. Gastrointestinal Reactions: Glossitis, stomatitis, nausea, 
emesis, abdominal pains, hepatitis, diarrhea and pancreatitis. C.N.S. 
Reactions: Headache, peripheral neuritis, mental depression, convul- 
sions, ataxia, hallucinations, tinnitus, vertigo, insomnia, apathy, fatigue, 
muscle weakness and nervousness. Miscellaneous Reactions: Drug 
fever, chills and toxic nephrosis with oliguria and anusa. Periarteritis 
nodosa and L.E. phenomenon have occurred. 


Due to certain chemical similarities to some goitrogens, diuretics 
(acetazolamide and the thiazides) and oral hypoglycemic agents, sul- 
fonamides have caused rare instances of goiter production, diuresis 
and hypoglycemia; cross-sensitivity may exist with these agents. In rats, 
long-term administration of sulfonamides has produced thyroid malig- 
nancies. 


DOSAGE AND ADMINISTRATION: Not recommended for use in 
infants less than two months of age. 


URINARY TRACT INFECTIONS AND SHIGELLOSIS IN ADULTS 
AND CHILDREN AND ACUTE OTITIS MEDIA IN CHILDREN: 


Adults: The usual adult dosage for the treatment of urinary tract infec- 
tions is two tablets or four teaspoonfuls (20 ml) every 12 hours for 10 to 
14 days. An identical daily dosage is used for 5 days in the treatment of 
shigellosis. 


Children: The recommended dose for children with urinary tract infec- 
tions or acute otitis media is 8 mg/kg trimethoprim and 40 mg/kg 
sulfamethoxazole per 24 hours, given in two divided doses every 12 
hours for 10 days. An identical daily dosage is used for 5 days in the 
treatment of shigellosis. The following table is a guideline for the at- 
tainment of this dosage using Septra Tablets or Suspension. 

Children: Two months of age or older: 


Weight Dose — every 12 hours 


Ib kg Teaspoonfuls Tablets 
22 10 T{-5 mi) V2 
44 20 2 (10 ml) l 

66 30 3 (15 ml) | V2 
88 40 


4 (20 ml) 2 or | DS tablet) 


For patients with renal impairment: 


Creatinine Clearance Recommended 


(ml/min) Dosage Regimen 
Above 30 Usual Standard Fegimen 
15-30 ira of the usual 
osage regimen 
Below 15 


Use Not Recommended 


PNEUMOCYSTIS CARINII PNEUMONITIS: 
The recommended dosage for patients with documented 
Pneumocystis carinii pneumonitis is 20 mg/kg trimethoprim and 
100 mg/kg sulfamethoxazole per 24 hours given in equally divided 
doses every 6 hours for 14 days. The following table is a guideline for 
the attainment of this dosage in children. 








Weight Dose — every € hours 
Ib kg Teaspoonfuls Tablets 
18 8 1( 5ml) V2 
30 16 2 (10 ml) l 
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The histopathology of the temporal bones in a 59-year-old female with osteogenesis imperfecta tarda (OIT), complicated by 
otosclerosis, is presented. Advanced conduction and sensorineural deafness in the eft ear and absence of a response to sound in the right ear 
had been recorded before she died and the temporal bones were acquired for histological study. Histopathological examination revealed a 
marked degree of porosity of the labyrinthine capsule, enlarged vascular spaces, end a deficiency in number and size of bony trabeculae in 
the marrow of the petrous apex. All layers of the otic capsule had been extens-ely replaced by otosclerotic material including the bony 
semicircular canals and the cochlear and vestibular walls. In the right ear, whih had a profound hearing loss, the outline of the space 
which had been occupied by a piston prosthesis in the oval window was evident; in addition, a layer of new bone (labyrinthitis ossificans) 
was present in the scala tympani in the region of the round window. In the left ear the stapedial footplate was otosclerotic with the base of 
the crura slightly displaced but fixed in the window. The severity of the OIT ñ this case was demonstrated by the patient’s history of 
repeated fractures, marked porosity of the nonotosclerotie areas of the labyrintt_ne capsule, and possibly by the female’s relatively early 
death at age 59. The unique features of the otosclerosis in this case were the =xtensive replacement of all layers of the cochlear and 
vestibular capsules and the relatively large areas of an osteoporotic type of degen: ration in the more central areas of the otosclerotic bone. 
While the etiology of otosclerosis remains unknown it is apparent that both the in idence and severity of the disorder as it occurs in associa- 


tion with OIT bear some as yet unknown but definite relationship to the pathal«gies occurring with OIT. 


INTRODUCTION 


Osteogenesis imperfecta (OI) is a generalized dis- 
order of connective tissue. It involves the skeletal 
system, ligaments, tendons, fascia, and sclera, and 
in a high percentage of cases produces impairment 
of hearing. The first known description of the disor- 
der has been credited to Malbranche! in 1694. Since 
then different authors have described the disease, 
naming it mollities ossium,? fragilitas ossium,’ and 
osteopsathyrosis idiopathica.* 


The term osteogenesis imperfecta was first used 
by Vrolik® in 1849. Looser® defended the double 
identity of the disease, defining that occurring in 
newborns as osteogenesis imperfecta congenita 
(OIC) and that occurring in adults as osteogenesis 
imperfecta tarda (OIT). The OIC type was usually 
fatal in utero or in early infancy, while the OIT 
type did not necessarily shorten the average life 
span. 


The conductive deafness beginning usually in 
early adult life, which was frequently seen in associ- 
ation with OI, was recognized as being due to oto- 
sclerosis early in the 20th century. Adair-Dighton’ 
in 1912 had described deafness in patients with blue 
sclera and multiple fractures. The first published 


report 3f otosclerosis associated with OI is credited 
to van der Hoeve and de Kleyn.’ In addition to cases 
in wFEh typical indications of otosclerosis were 
found n conjunction with OIT they also presented 
four petients who had OIT and a nonprogressive, 
conductive type of hearing impairment that had 
been p-esent since infancy. Zajtchuk and Lindsay? 
report laving seen newly fractured stapedial crura 
hemorshaging into the middle ear in infants with 
OIC atthe time of birth. These fractures apparently 
may our when development of the tympanic ring 
is insuficient to protect the middle ear from exter- 
nal pressure exerted during passage through the 
birth anal. Such fractures probably explain 
moderete but nonprogressive conductive hearing 
impairments present since infancy. 


Dur_ag World War I Fraser in Edinburgh did a 
clinical study of the inheritance of OIT and oto- 
scleros which was reported by Bronson.’ The ex- 
tensive study of this disease by Bell"! produced 
pedigre=s of a large number of patients with blue 
sclera, ragile bones, and otosclerosis. The hered- 
itary nacure of OI is said to have been recognized as 
early as 1833 by Lobstein.* Accumulated evidence 
indicated that OIT is inherited as an autosomal 
dominaat. However, OIC has also been found in 
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children of parents with no sign of the disease.’ 
Otosclerosis also exhibits an autosomal dominant 
type of heredity with variable expressivity. McKu- 
sick’? has pointed out that OI (OIC and OIT) is 
either a single entity with variations in severity and 
manifestations or consists of multiple distinct enti- 
ties. Altmann,'* in discussing the relationship be- 
tween OIC and OIT, favored different degrees of 
deficiency in collagen formation as the basis for the 
two varieties of OI. More recent investigations have 
demonstrated alterations in collagen metabolism in 
certain heritable diseases of man, mainly the Ehl- 
ers-Danlos syndrome and OI. These have been re- 
viewed by McKusick and Martin.'* The estimated 
incidence of otosclerosis in large series of OIT cases 
studied has varied from 28.7%'*° to 60% ."' 


The first report of the histopathology of a tem- 
poral bone which demonstrated otosclerosis was 
made by Ruttin.'? There are many histopathol- 
ogical reports of stapes removed at surgery which 
were otosclerotic. The crura have frequently been 
noted during surgery to be fragile. Opheim™ has 
contended that fibrous degeneration of the erura 
may be a cause of impairment of hearing. However, 
in the absence of evidence that the onset of the im- 
pairment had occurred later than early childhood, 
fractures of the crura during birth must be con- 
sidered as the cause. 


The purpose of this study is to present the histo- 
pathological findings in an unusually advancec case 
of otosclerosis associated with OIT. The charac- 
teristics of the otosclerosis in this case are in striking 
contrast to those reported recently by Zajtchuk and 
Lindsay’ and by Bretlau et al.’ 


CASE REPORT 


A 52-year-old white female was first examined by a colleague 
in 1962, when she complained of bilateral hearing loss of 34 years’ 
duration in the right ear and of somewhat shorter duration in the 
left ear. She also complained of tinnitus bilaterally but aid not 
complain of vertigo. Further history revealed that she had suf- 
fered frequent fractures of the long bones. The physical examina- 
tion showed that she had blue sclera (Fig. 1) but the remainder of 
the examination of the head and neck showed no other abnormal- 
ities. Audiologic tests revealed a profound hearing loss in the right 
ear with no air or bone conduction, and a severe combined loss of 
80 dB (International Standards Organization) in the left ear. The 
diagnosis of van der Hoeve’s syndrome was made. 


The patient’s pedigree, covering five generations, was studied 
(Fig. 2). Of five siblings of the patient, only one was normal. 
Typical stigmata of van der Hoeve’s syndrome appeared imone of 
the patient’s younger sisters. 


Surgery on the patient’s right ear was performed by D. Myers, 
MD, in October 1962. A dense, white lesion obliterating the area 
of the oval window was noted. An opening was drilled in the een- 
ter of this abnormal stapes footplate and a piston and fat-graft 
prosthesis were inserted. One year after the operation the patient 
still had improved hearing on the operated side. 


In February 1964, surgery was performed on the left ear. A 
thick stapes footplate was noted. This was removed; a silicone pis- 
ton was inserted. Postoperatively the patient’s air conduction 
score improved and there was closure of the air-bone gap, but the 


last aud:ogram, taken in May 1966, showed a severe bilateral sen- 
sorineura! hearing loss. Three years later, in 1969, the patient 
died of a cerebrovascular accident at the age of 59. 


The petient’s temporal bones were obtained at autopsy and im- 
mediately placed in fixation solution. After decalcification and 
dehydration they were embedded in celloidin. Sections of 20 p 
were cut in the horizontal plane, and every tenth section was 
stained with hematoxylin and eosin for light microscopic study. 
Collagen fibers of the bony tissue were studied under polarized 
light. 


HISTOPATHOLOGIC FINDINGS 


Only the outlines of the membranous labyrinths 
of these temporal bones could be distinguished, the 
nerves, vessels and most soft tissue elements having 
been destroyed by accidental drying of the speci- 
mens. The bony elements of both ears were pre- 
served but the cellular contents of the marrow 
spaces were lost to study. 


RIGHT TEMPORAL BONE 


Middle Ear. The malleus and incus are present 
but show an excessive number of large spaces for 
vessels and soft tissue. The bony elements show no 
appareat abnormality. The stapes shows the outline 
of a central space which had been occupied by a 
piston prosthesis, the point reaching into the 
vestibule (Fig. 3). The margins of the footplate con- 
sist of irregular otosclerotic bone fixed to the 
otosclerotic margins of the oval window. 


Otic Capsule. The bone of the otic capsule has 
been extensively replaced by otosclerosis. Diffuse 
otosclerotic bone occupies almost the entire coch- 
lear capsule, including periosteal, endochondral 
and erdosteal layers except for a few small areas 
where the original capsular bone remains. The in- 
ner lawer of the otosclerotic bone is actively 
basophilic and highly cellular. This layer envelops 
the posterior semicircular canal extensively, replac- 
ing both the endochondral and endosteal layers. 
The otter canals are involved to a lesser extent. The 
periosteal layer of the capsule is mainly occupied by 
acidophilic, less cellular, but more compact oto- 
sclerot-e bone. In the outer layer of the capsule, be- 
yond the dense otosclerotic bone, are many vascular 
spaces. the soft tissue contents of which are not 
clear, but some of these are lined by a layer of ap- 
parent_y otosclerotic bone. The basal part of the 
cochlear capsule surrounding the internal meatus 
shows a broad dehiscence of the otosclerotic bone 
which had apparently occupied that area. This os- 
teoporotic area within the otosclerotic base of the 
cochlea shows gradual thinning of the surrounding 
margirs by reabsorption of the remaining otoscler- 
otic bone. A similar large, degenerated osteoporotic 
area is located also between the geniculate ganglion 
and the superior semicircular canal ampulla (Fig. 
4). Surrounding margins of this otosclerotic bone 
show marked thinning of trabeculae. 


Inner Ear. Postmortem artifacts in all soft-tissue 
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Fig. 2. Pedigree covering five generations of a female 
with van der Hoeve’s syndrome. 


structures prevented their evaluation. The only ob- 
servation which can be made is that the membran- 
ous labyrinth had been present. There is a thin layer 
of newly formed, nonotosclerotic bone (labyrinthi- 
tis ossificans) along the posteroinferior bony wall of 
the scala tympani adjoining the round window. Ex- 
tensive otosclerosis occupies the walls on all sides of 
the basal coil in the round window region, but 
without obstructing the round window membrane. 


Internal Auditory Meatus. A broad osteoporotic 
area borders on the internal auditory meatus at its 
inner end, surrounded by otosclerotic bone. It was 
not possible to evaluate the state of the seventh and 
eighth cranial nerves because of the postmortem in- 
jury to all soft-tissue components. 


LEFT TEMPORAL BONE 


Middle Ear. The malleus and incus show marked 
porosity, similar to that seen in the right ear. The 
head and upper portions of the stapedial crura are 
absent. The footplate and approximately the lower 
third of each crus are present and consist of 
otosclerotic bone; the footplate is fixed to the 
otosclerotic bene surrounding the oval window. 
The indistinct outline of the position occupied by 
the prosthesis which had replaced the head and up- 
per parts of the stapedial crura is apparent. The 
surgical aperture which had been made for the 
prosthesis is outlined in the otosclerotic footplate. A 
few mastoid air cells were included in the specimen; 
they had apparently contained fluid, but there is no 
evidence of infection. 


Otic Capsule. The outer layers of periosteal bone 
show extensive development of vascular spaces (Fig. 
5). The extent of otosclerotic bone in endosteal, en- 
dochondral, and deeper periosteal layers is similar 
to that seen on the right side. A broad area of com- 
plete degeneration of the otosclerotic bone, similar 
to that seen in the opposite ear, is present (Fig. 6). 
Within this degenerated or osteoporotic area is a 
fairly extensive patch of what appears to be faintly 
stained osteoid tissue. 


Inner Ear. A few cells, apparently osteoblasts, 





Fig. 5. Left ear. Numerous vascular spaces are seen in 
the periosteal bone of the otic capsule where no 5tosclerotic 
lesions are present. (H & E, x77) 


were faintly observed within this tissue. The mem- 
branous labyrinth and nerves had been present and 
were apparently normal. The fluid spaces appear to 
be clear and undistorted. However, the interscalar 
septum between the apical and middle coils of the 
cochlea was fractured (premortem) (Fig. 6). 


DISCUSSION 


The extent and activity of the otosclerotic process 
in these bones was extreme bilaterally throughout 
both cochlear and vestibular parts of the capsules. 
The large osteoporotic areas in the more central 
parts of the otosclerotic bone are apparently 
unique; although small areas of this type have been 
seen before, even temporal bones from individuals 
of advanced age have not been observed to contain 
such large areas. 


In this and in other recently reported cases?!” it 
appears that there is a direct relationship between 
the degree of otosclerotic change in the otic capsule 
and the severity of the OIT as determined by skele- 
tal abnormalities and the frequency of fractures. 


While recent investigations have indicated that 
variable defects in collagen are respansible for cer- 
tain disorders of connective tissue, ineluding the 
Ehlers-Danlos syndrome, Marfan’s syndrome, and 
OI,’* the etiologic factor in otosclerosis is not 
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known. Specimens of otosclerotic bone frequently 
became available as a result of surgical procedures 
to restore hearing, but they have only been partially 
studied. 


It is apparent that in the patient with OIT the 
amount of bone tissue in the temporal borne is defi- 
cient. We feel that this is due to failure of this bone 
to develop, as indicated by the presence of numer- 
ous enlarged vascular spaces (Fig. 5), and by the in- 
creased widths of the internal meatus anc carotid 
canal.” However, this lack of bony development ap- 
pears to be of less significance in the function of the 
ear than the decidedly brittle nature of the bony 
mastoid partitions, which became obvious with ex- 
enteration of the mastoid during fenestration sur- 
gery.” The lack of strength of the bone tissue formed 
in patients with OIT usually becomes most appar- 
ent in the tendency of the long bones to fracture. 
There are no microscopic indications that the bone 
formed in patients with this disorder is subject to 
abnormally active resorption. 


In contrast to the cause of bone development 


characteristic of OI, otosclerosis is limited, with 
rare exceptions, to the otic capsule. It appears first 
in tLe deep layers of the capsule, mainly in the en- 
docLrondral layer or the closely adjoining periosteal 
bone. These layers are subjected to the processes in- 
volved in growth of the skull only to a minor de- 


gree 


C£osclerosis has a marked predilection for occur- 
ring in the area of the oval window or the round 
win low, and to a lesser extent near the internal 
aud tory meatus. It is transmitted mainly as a domi- 
nan autosomal disorder with variable expressivity. 
The incidence of otosclerosis is indefinite inasmuch 
as it is known to occur in a percentage of otherwise 
normal, asymptomatic temporal bones. 


Both OI and otosclerosis demonstrate extreme 
variability in the incidence and severity of these 
patt ologic processes. While the frequent association 
of the two diseases and their similarity in extent and 
severity in given cases suggest an etiologic relation- 
shi, there is no further evidence of a common 
patt ologic process. 
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CHANGES OF NASAL EPITHELIAL CELLS AND MUCUS LAYER 
AFTER CHALLENGE OF ALLERGEN 


KENSUKE WATANABE, MD ISAMU WATANABE, MD 


TOKYO, JAPAN 


It has been reported that the normal epithelium of the anterior nares is covered by a mucopolysaccharide layer with a depth of approx- 
imately 0.8u'. In the present study, a patient with an allergy to the Japanese cedar was found to develop a very thin mucopolysaccharide 
layer (0.05p in depth) when the mucosal tissue was taken off before provocation. Adhering pollen particles could have readily come in con- 
tact with the plasma membranes of the epithelial cells. The epithelium of the nonciliated cells exfoliated in a relatively short period of time 
after provocation. Ten minutes after provocation, a thick mucus layer covered the exfoliated epithelial mucosa. Pollen particles could no 
longer be brought into cantact with mucosa due to the mucus layer. On the other hand, no difference from the normal conditicn was seen 
before provocation in the middle and posterior nares where ciliated cells were located. However, at ten minutes after provocation, a large 
number of goblet cells appeared in place of ciliated cells, and mucus production was very much activated. Many signs appeared at this 
stage which suggested the impairment of ciliary beating. Specifically, there was swelling and damage of plasma membranes of cilia, bend- 
ing of cilia, existence of extra cytoplasm around the microtubules in the cilia, and intrusion of mucus fluid between cilia. In the regions 
where ciliated cells were replaced by goblet cells, the exfoliation of epithelium could be noted, but it is generally difficult to find that 
ciliated cells are exfoliated even when the ciliary beating is impaired. Taking into account the above-mentioned results, it can be assumed 
that pollen particles penetrate the submucosa not only through the posterior nares where ciliary beating is impaired, but also through the 
anterior nares where epithelial cells are exfoliated. 


It is known that epithelial cells do not exist in the purified ruthenium red. The blocks were next dehydrated with 
same form throughout the nasal mucosa. In the an- ethanol and embedded in Epon 812®. Ultrathin sections were 
terior third. the nasal enithel; ; liated treated with uranyl acetate and lead to enhance contrast for elec- 

i pithelium is nonciliate on muisebecnny. 
while further back the epithelium becomes cili- 


-4 
ated.’ RESULTS 


Under ordinary circumstances most of the in- 
haled pollen grains are deposited in the anterior 
third.** It has been demonstrated that pollen grains 
are able to penetrate the sensitized nasal mucosa 
because of cilia paralysis.°’ It is of interest to deter- 
mine how pollen grains, which are deposited in 
both the nonciliated and ciliated areas, penetrate 
the mucosa. The purpose of the present study is to 


Anterior Tip of the Inferior Turbinate. The epi- 
thelium has microvilli which were covered by a mu- 
copolysaccharide layer (Figs. 1 and 2). In normal 
controls, this layer was about 0.84 in depth, well 
stained by ruthenium red, had a high density, and 
appeared viscid' (Fig. 2). However, in the patients 
with Japanese cedar allergy the mucopolvsaccha- 


investigate whether changes in epithelial cells and ride layer which covered the nasal epithelium ara 
the mucus layer which develops over the epithelium very thin (0.05p in depth), oven when tissue was 
after pollen insufflation are different in ciliated and taken before provocation (Fig. 1). In some areas, 


exfoliation of the outermost one or two layers of 
stratified epithelium had already been observed. 


nonciliated areas. 


METHODS Shortly (two minutes) after provocation, noncili- 
ated epithelial cells were found to be exfoliated. At 
Biopsies were made of the mucosa on the inferior turbinates of ten minutes after provocation, the intercellular 


20 patients with nasal allergies who reacted to Japanese cedar pol- 
len in skin and nasal prevocation tests. The patients ranged in age 
from 18 to 40 years. Biopsies were taken in the pollen season. Bi- 


space among the epithelial cells was wide open and 
in some areas only a single layer of basal cells was 


opsies of the nasal mucosa from five patients were taken at each of still in existence. Immediately after this stage, much 
the following intervals: before provocation and 2 minutes, 10 mucus fluid was produced and covered the mucosa. 
minutes, and 20 minutes after provocation. One spray of tritu- At this stage, the antigen could no longer be 


rated cedar pollen on the nasal mucosa was the method of provo- 
cation. Under a local anesthesia (0.5% Procaine®, 0.5 cc), biop- 
sies were taken with small forceps from two sites: the anterior tip 
of the inferior turbinate and 2 cm behind the anterior tip. Small 


brought into contact with the mucosa (Fig. 3). 


Two Centimeters Behind the Anterior Edge of 


blocks were fixed for one hour by immersion in ice cold 1.5% glu- the Inferior Turbinate. In normal controls, the 
taraldehyde buffered with 0.067 M cacodylate, pH 7.3, and con- ciliated cells were covered with a thick mucus layer. 
"a 500 i f lpdess b y r A Tee fixation This layer was less stained by ruthenium red than 
wit utaralde e-ruthenium red, the tissue blocks were im- d ; ‘ : à 

aiat: in 0.1 M cacodylate for ten minutes and then postfixed for that on the anterior tip, and did not intrude be- 
three hours at room temperature, with 2% osmium tetroxide buf- tween cilia' (Fig. 5). At two minutes after provoca- 
fered with 0.067 M cacodylate, pH 7.3, and containing 500 ppm tion, no remarkable changes appeared. At ten min- 
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utes after provocation, the goblet cells hac rapidly 
increased in number in many areas (Fig. 4). The 
mucus was found intruding between the cilia (Figs. 
6 and 7, stars). This finding may mean that ciliary 
beating had ceased since the mucus fluid should 
move over the cilia and should not intrude between 
cilia, when the cilia are active. A variety of changes 
were noted in the shapes of the cilia, such as the 
swelling or damage of plasma membrane of cilia 
(Fig. 7, arrows), bending of cilia (Fig. 8), or extra 
cytoplasm around the microtubules in the cilia (Fig. 
6, arrow). All these changes suggest that ciliary 
beating had slowed or ceased entirely. Despite the 
damage to the cilia, only rarely were the ciliated 
cells exfoliated. In the area where the majority of 
ciliated cells was replaced by goblet cells, most of 
the epithelial cells were exfoliated, leaving only one 
layer of basal cells (Fig. 9). 


Fig. 3. Ten minutes after provocation, 
only one line of basal cells (BC) in the 
anterior nares is still in existence. The 
mucus layer started to cover the ex- 
foliated epithelium. (x5,000) 


Fig. 1. In allergic patients the muco- 
polysaccharide layer (M) which covers 
the anterior nasal epithelium, is very thin 
even if tissue is taken before provocation. 


(x25,000) 


Fig. 2 (Insert with Fig. 1.) In normal 
controls, the mucopolysaccharide layer 
AD is thicker than in the allergic patient. 
x25,000) 


Fwever, most of the exfoliated portion was 
gob æt cells, and therefore, a large amount of mucus 
had already covered the mucosa. It seems unlikely 
that pollen particles can freely penetrate the sub- 
mucosa in the exfoliated area at this stage, unlike 
the situation in the anterior area. At 20 minutes 
afte- provocation, no significant changes were 
noted from those at 10 minutes. 


DISCUSSION 


Ay foreign particles inhaled through the nostrils 
and brought into contact with the nasal mucosa 
sub=quently encounter some kind of defense. The 
first defensive line is the nasal mucus layer, while 
the second line is the ciliary beating. The third 
defensive line is the epithelial cells and submucosa. 
It has been revealed in the present study that the 
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mucopolysaccharije layer over the epithelium of 
the anterior portion is thinner in allergic patients 
than in normal controls, and in some areas the 
outermost one to two layers of stratified epithelium 
had exfoliated. Aspreviously mentioned most of the 
inhaled pollen particles are deposited in the anteri- 
or one third of tke nasal epithelium. As this epi- 
thelium is nonciliated, the flow rate of the mucus 
fluid is very slow." Many pollen particles which 
are deposited in the anterior nares evidently remain 
there for a long time. If the mucopolysaccharide 
layer is thick, it is difficult for the pollen particles to 
come in contact with the plasma membrane of the 
epithelial cells. However, if this layer is thin, the 


Fig. 6. Ten minutessafter provocation, 
the cilia appeared swollen such that a 
large amount of cytcplasm was found 
around the microtubiler bundles (ar- 
row). Intrusion of mwcus between cilia 
(stars) was also seen. These findings sug- 
at the cessation o! ciliary beating. 


x17,500) 


Fig. 4. Ten minutes after provocation, 
the ait cells (G) were found to have 
rapidly increased in the posterior nares, 
and ciliated cells (C) were squeezed out. 
MB - Mucus blanket. (x5,000) 


Fig. 5. (Insert with Fig. 4.) In normal 
controls, the ciliated cells were covered 
with a thick mucus blanket. This layer 
did not intrude between cilia. (x3,000) 


pollen particles can penetrate the layer and readily 
attach to the plasma membrane of the epithelial 
cells, which may be subsequently damaged. Adam- 
son and Bowden” reported that, in oxygen poison- 
ing, the pulmonary cells with the thinner layer of 
mucopolysaccharide (type 1 epithelium) were 
highly susceptible to injury, and the cells with the 
thicker layer (type 2 epithelium) were more resis- 
tant. They suggested that the mucopolysaceharides 
served as the protectant for the lipoprotein eomplex 
of the plasma membrane. 


It can be conjectured that in the anterior area the 
nonciliated epithelial cells with damage to their 
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Fig. 7. Ten minutes after provocation, swelling or dam- 
age of the plasma membrane of the cilia eg and in- 
trusion of mucus between cilia (star) were found. «25,@00) 


plasma membranes would be easily exfoliated. As 
the epithelium of the anterior area is composed of 
five to six layers of the epithelial cells, exfoliation of 
the outermost one or two layers would not exert ad- 
verse effects directly upon the submucosa. How- 
ever, if there is persistent stimulation by antigens or 
if the amount of antigens is excessive, the majority 
of the epithelial cells would be exfoliated as shown 
in Figure 3, leaving only basal cells protectimg the 
submucosa. It takes over ten minutes for the thick 
mucus layer as shown in Figure 3 to cover the 
mucous membrane so as to protect it from allergen. 


Fig. 8. Ten minutes after provocation, 
remarkable bendings of cilia were found. 
Since this tissue was not stained by 
ruthenium red, the mucus fluid was not 


visible. (x22,000) 








Fig. 9. Ten minutes after provocation, tissue was taken 
from the postero nares. In this area, the majority of 
ciliated cells was replaced by goblet cells (ON: Most of 


these latter cells were exfoliated leaving only one layer of 
basal cells (BC). 


In he meantime, the allergen would possibly 
direetly penetrate the submucosa where mast cells 
are abundant. It is assumed that it would take 
several days for the exfoliated epithelium to be 
restored to its original condition. Therefore, it is 
hypothesized that once the affected epithelium is 
exposed to allergen, the allergen would very easily 
and very quickly invade the submucosa until the 
epithelium is restored to normal. 


Chevance® concluded that impairment of the 
ciliary activity was the first manifestation of al- 
lergic shock. Indeed, the results of this study tend to 
indicate the cessation of ciliary beating in allergic 
nasal mucosa challenged by allergen. The mucus 
layer should move over the cilia in line with the 
movements of the cilia, and therefore, mucus fluid 
would never intrude between cilia (Fig. 5).' 
However, once ciliary beating stops, the mucus 
layer might easily penetrate between the cilia (Figs. 
6 and 7). It remains to be determined whether Che- 
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vance’s assertion is justifiable, ie, that cessation of 
ciliary beating is the first manifestation of allergic 
shock. Certainly, the ciliary beating can be ter- 
minated if a large amount of pollen particles ad- 
heres to the ciliatec area and damages the cells, but 
it is the anterior one third of the nose where the in- 
haled particles are most easily deposited, and only a 
limited amount of pollen particles gain access to the 
posterior nares.” Consequently, it would be more 
logical to assume that changes would develop earli- 
er in the epithelium of the anterior areas than the 
posterior areas. Even if ciliary impairment takes 
place within a verv limited period, no evidence of 
exfoliation in the ciliated cells can be found im- 
mediately after the pollen insufflation. Occasional- 
ly at the late stage, exfoliation of the epithelium in 
the posterior areg can be noted in the area of major 
replacement by goblet cells (Fig. 9). Specifically, it 
can be hypothesized that even if the movements of 
cilia cease, penetration by pollen particles into the 
submucosa would occur at a later stage in the pos- 
terior area. Chevance’ also reported that. de- 
struction of the ciliary structure and epithelial cells 
and, consequently, penetration by pollen particles 
into the mucosa occurred 10-30 minutes after pollen 
insufflation. Therefore, it would be difficult to at- 
tribute the emergence of allergic symptoms at four 
to five minutes after pollen insufflation to the 
penetration of antigen subsequent to cessation of 
the ciliary beatings. Antigens may penetrate into 
the submucosa not only by the impairment of cili- 
ary beatings, but also by exfoliation of the non- 
ciliated epithelial cells in the anterior nares. 
Richardson et al™ suggested that allergic symptoms 
appeared withouz penetration of the bronchial sub- 
mucosa by the artigen. However, this suggestion is 
not accepted universally, as some _ workers’ 
showed antigen in the submucosa. Richardson 
showed no exfoliation of the epithelial cells and no 
penetration of the submucosa by the antigen, but 
the epithelial celis filled with antigen. The authors 
considered the epithelial cells filling with antigen as 
the prestage of exfcliation. Once the epithelial cells 
exfoliated, the ant:gen would easily penetrate the 
submucosa. 


In the pollen season, pollen particles would in- 
trude into the nasal cavity so persistently and for 
such a long pericd that there would not be time to 
regenerate the epithelium in the regions of exfolia- 
tion. Consequently, the exfoliated areas would exist 
for some time. It is especially important to note that 
pollen particles would easily penetrate the submu- 
cosa within a snort period because the anterior 


nares is the place where large amounts of pollen 
particles are deposited. Consequently, it would be 
very likely in the pollen season that allergic symp- 
toms would take place within a short period after 
pollen inhalation, regardless of the cessation of 
ciliary beating. Wihl and Mygind'> could not find 
signs of destruction of cilia or epithelium, .mpaired 
ciliary function, or pollen penetration of the 
mucosa following allergen challenge in hay fever 
patients. However, their study was conducted dur- 
ing the pollen-free season, when the anterior and 
posterior nasal epithelium was completely intact. In 
addition it may be very difficult for pollen to 
penetrate the submucosa with only one provoca- 
tion. 


The antigen intruding through the anterior one 
third of the nose would be combined with IgE an- 
tibodies on the mast cells and would release chemi- 
cal mediators such as histamine from the mast cells. 
It can be assumed that the chemical mediators are 
perfused quickly into the posterior area. 


Horseradish peroxidase, which passed through 
the blood vessels in the lamina propria of the nasal 
mucosa of a rat, could readily reach the subepitheli- 
um ten seconds after injection from the caudal 
vein.’® As perfusion takes place very quickly in the 
submucosa of normal rats, it would be very likely 
that velocity of the perfusion of the chemical 
mediators would be greater if the submucosa were 
filled with the edematous fluid. Furthermore it 
would be very likely that precursor cells of the 
goblet cells are quickly converted to goblet cells by 
stimulation of the chemical mediators, and the ma- 
tured goblet cells would increase within a short 
time. According to Tos and Morgensen,'’ goblet 
cells did not increase in allergic noses. The reason 
for such a finding may be that they examined tissues 
obtained before provocation. 


It can be speculated that the stimulation of a 
large amount of antigen on the external side of the 
nasal cavity and the stimulation of the chemical 
mediators from the inner side (tissue side) would 
synergistically affect the ciliated cells, and cell 
damage would be rapidly advanced. 


After secretion of mucus fluid in large amounts 
from both the goblet cells and nasal glands (due to 
stimulation by chemical mediators), the mucous 
membrane will be covered by a thick mucus layer 
which will completely protect it from po len par- 
ticles. There would be no intrusion of allergen into 
the submucosa after this stage. 


ACKNOWLEDGME?PT — The authors wish to express their thanks to Professor V. Mizuhira for his helpful suggestions and advice. 


REFERENCES 


l. Watanabe K, Saito Y, Watanabe I. Acid mucopolysac- 
charide layer of the surface nasal epithelium. Rhinology 1978; 
16:215-23. 


2. Hilding AC. Phagocytosis, mucous flow and ciliary action. 
Arch Environ Health 1963; 6:61-73. 


3. Mygind N. Scanning electron microscopy of -he human 


NASAL MUTOSA AFTER PROVOCATION 


nasal mucosa. Rhinology 1975; 13:57-75. 


4. Lenz H. Three-dimensional surface presentation of the cil- 
ia-free nasal mucosa of men, a scanning-electron mieroscopical 
study. Acta Otolaryngol (Stockh) 1973; 76:47-57. 


5. Proctor DF, Andersen I, Lundquvist G. Clearance of in- 
haled particles from the human nose. Arch Intern Med 1973; 
131:132-9. 


6. Chevance LG. The first stages of the nasal anaphylactic 
shock. Acta Otolaryngol (Stockh) 1957; 47:480-90. 


7. Chevance LG. Experimental pollinosis: an electron micro- 
scopic study, Acta Otolaryngol (Stockh) 1971; 72:121-33. 


8. Luft JH. Electron microscopy of cell extraneous coats as 
revealed by ruthenium red staining. J Cell Biol 1964; 
23:54A-55A. 


9. Bang BG, Mukherjee AL, Bang FB. Human nasal mucous 
flow rates. Johns Hopkins Med J 1967; 121:38-48. 


10. Ewert G. On the mucous flow rate in the human nose. 
Acta Otolaryngol (Stockh) 1965; Suppl 200:1-62. 


t 


209 


1}. Proctor DF, Wagner HN. Clearance of particles from the 
humen nose. Arch Environ Health 1965; 2:366-71. 


1z. Adamson IYR, Bowden DH. Sialomucin and pulmonary 
cell injury, ultrastructural and cytochemical studies in mice ex- 
posed to oxygen. Arch Pathol 1971; 92:273-8. 


15_ Richardson JB, Hogg JC, Bouchard T, Hall DL. Localiza- 
tion of antigen in experimental bronchoconstriction in guinea 
pigs J Allergy Clin Immunol 1973; 52:172-81. 


l<. Rappaport BZ. Antigen-antibody reactions in allergic hu- 
mar. «issues. III. Immunofluorescent study of allergic nasal muco- 
sa. J} Immunol 1964; 93:792-7. 


15. Wihl JA, Mygind N. Studies on the allergen-challenged 
human nasal mucosa. Acta Otolaryngol (Stockh) 1977; 84:281-6. 


l€. Watanabe K, Saito Y, Watanabe I, Mizuhira V. The char- 
acte-istics of the capillary permeability in nasal mucosa. Ann Otol 
Rhir el Laryngol 1980; 89:377-82. 


14. Tos M, Morgensen C. Nasal glands in nasal allergy. Acta 
Otoleryngol (Stockh) 1977; 83:498-504. 


CORRECTION 


Due to a production error, pages 6 and 7 were inadvertently numbered incorrectly and transposed in Supplement 76, Vol. 89, 
November-December 1980. The text reads correctly if these two pages are r2ardered. 


Ann Otol 90:1981 


EAR DEFORMITIES ASSOCIATED WITH THE KLIPPEL-FEIL 
SYNDROME 


PAUL C. WINDLE-TAYLOR, FRCS 


PAULINE J. EMERY, FRCS 


PETER D. PHELPS, FRCS, FRCR 


LONDON, ENGLAND 


Congenital spinal fusion, constituting the Klippel-Feil anomaly, 
patients. Ten such cases are described, with audiometric and tomographic assessment of the ear lesions. 


has long been known to be associated with severe deafness in many 


Of the 20 ears examined, 12 


showed evidence of severe hearing loss and of these, 11 had evidence of significant inner ear dysplasia on tomography. Middle and external 
ear abnormalities were also demonstrated. The significance of these findings and the relation to other syndromes is discussed. 


INTRODUCTION 


Multisystem congenital defects present the clini- 
cian with many problems, and none more difficult 
than when hearing loss is a feature. Konigsmark 
and Gorlin in their treatise list 150 separate syn- 
dromes associated with hereditary deafness.’ No 
system in the body was exempt from involvement 
with hearing loss in these patients. These authors 
estimated that of the children born deaf in the 
United States each year (2000-4000) up to one half 
may be classified as genetic and probably over one 
third of these cases are syndromal. Despite the work 
of such researchers, the assessment of congenital 
deafness has not always been as full as possible, 
especially with regard to the relationship between 
structure and function. The purpose of this paper is 
to present a series of ten cases of the Klippel-Feil 
syndrome who had associated deafness, and to show 
a clinicoradiological correlation which may be of 
significant use to the clinician. Comparison will 
also be made with other syndromes of the head and 
neck which feature in the differential diagnosis, 
and which may be used to show a pattern in the 
maldevelopment of the region. 


CASE DATA 


The seven females and three males whose ages at 
presentation ranged from 1'4 to 10 years, were 
assessed clinically, audiometrically and radio- 
logically. Apart from the presence of the Klippel- 
Feil anomaly, there were no shared defects which 
constituted a known syndrome. The results of pure 
tone audiometry were collected and found to fall in- 
to a small number of simple categories; normal, 
moderate conductive, mild mixed, moderate sen- 
sorineural, and severe sensorineural. In two cases it 
was not possible to obtain satisfactory results, so 
severe were the handicaps. Radiological assessment 
was by polytomography, with sections in the cor- 
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onal plane. In some cases these were supplemented 
by other views. 


CASE REPORTS 


Case 1. A 4-year-old male with a bilateral conductive hearing 
loss (Fig. 1) was shown by tomography to have major external 
and middle ear abnormalities, with anteriorly placed facial 
nerves. The labyrinths were normal. Surgical intervention was 
not considered in view of the child’s excellent academic progress 
at a normal school using a postaural aid. 


Case 2. A 3-year-old female had a severe bilateral sensorineural 
hearing loss (Fig. 2). The inner ear on the right displayed a Mon- 
dini type of cochlear deformity with dilated lateral and superior 
semicircular canals. The left labyrinth appeared normal. The 
middle ear on this side had a sloping attic with deformed ossicles. 
The right external meatus sloped upwards. Her progress at a 
school for the deaf was described as slow, using a bodyworn aid 
with a bone conductor. 


Case 3. A 9-year-old male had a unilateral severe sensorineural 
hearing loss, the affected ear having a very narrow internal audi- 
tory meatus. No hearing aid was thought necessary, and his pro- 
gress at a normal school was good. 


Case 4. An 18-month-old male had a severe bilateral sen- 
sorineural loss. Tomography revealed grossly dysplastic labyrinths 
with no internal meatus on the left. The middle ear cavities were 
sloping though the ossicles appeared normal. He was making sat- 
isfactory progress at a school for the deaf with a bodyworn aid 
and a “Y” lead, though his speech remained unintelligible to 
strangers. 


Case 5. A 4'/,-year-old female had a moderately severe sen- 
sorineural loss (Fig. 3). Tomography showed a sloping right inter- 
nal meatus: the cochlea was normal but the vestibule and canals 
were absent. On the left the inner ear was normal, but the middle 
ear had a small attic with deformed ossicles. She attended a par- 
tially hearing unit attached to a normal school, and was making 
good progress with a postaural aid. 


Case 6. An 18-month-old male with a severe sensorineural 
hearing loss and total aplasia of both labyrinths had middle ear 
cavities and ossicles grossly abnormal. A wide variety of aids were 
tried and much supportive care given. Speech production was 
good, considering the defects which precluded any auditory per- 
ception, the child relying exclusively upon visual cueing, speech 
rhythms, and intonation. 


Case 7. A 9-year-old female had severe sensorineural loss. 
Bilateral Mondini defects of the cochlea were shown on tomog- 
raphy, with abnormally distended semicircular canals on the 
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Fig. 1. (Case 1) Audiogram showing 
moderate bilateral conductive loss. 


right side (Fig. 4). Both middle ear clefts were small, and the 
ossicles irregular, fused masses. Speech was absent. (The patient 
came from an underdeveloped country). 


Case 8. A 10-year-old female (previously described by Living- 
stone and Delahunty?) had a severe sensorineural hearingadoss. To- 
mography revealed no obvious inner ears and the middle eanclefts 
were conical (Fig. 5). The ossicles appeared normal. A tym- 
panotomy was performed revealing almost normal ossicles, but 
no sign of the oval window. 


Case 9. A 10-year-old female had a bilateral conductivechear- 
ing loss. Other defects were a right hemifacial dysplasia. with 
microphthaimos, and decreased facial movements. Tomography 
showed normal labyrinths, but abnormal middle ears. The right 
facial nerve was displayed anteriorly with no ossicles visible. The 
right external meatus was replaced by a large bony atretic plate. 
With a postaural aid, good progress was made, though other mal- 
formations, including an atrial septal defect, pulmonary hyper- 
tension and an irritable hip, imposed considerable restrictions. 


Case 10.A 6-year-old female had a unilateral severe sensori- 
neural hearing loss on the right side and a mild mixed hearirg loss 
on the left. Tomography showed a form of Mondini deform_ty on 
the right with a deficient modiolus but the basal tum ef the 
cochlea was also dilated (Fig. 6). The cochlea on the leé was 
more normal but did appear to have a reduced number of turns. 
No hearing aid was thought necessary, and her progress at a nor- 
mal school was good. 


Table | is a compilation of the major ear abnor- 
malities with composite impressions of the palytom- 
ographic appearances. 
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Fig. 2. (Case 2) Audiogram showing a 
severe-ssensorineural loss. 
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Fig. 3. (Case 5) Audiogram showing a 
moderate sensorineural hearing loss. 


DISCUSSION 


Th= series presented demonstrates the variety of 
anorgilies found in association with Klippel-Feil 
syndrome. As will be seen later, some of these 
asscezations occur with enough frequency to be- 
come separate syndromes in their own right. The 
predaminance of females in this condition has been 
seen before, but is usually marked in Wildervanck’s 
syndrome’ which has the Klippel-Feil anomaly as 
a clicical feature. 


Co iductive hearing loss in the Klippel-Feil syn- 
drome has been noted before. In the present series, 
two = the ten cases had conductive losses with posi- 
tive gadiological findings. Stark and Borton,° re- 
viewing four cases of the anomaly with confirmed 
deafr=ss, considered three to have a mixed or con- 
ductive loss, while the fourth had a sensorineural 
loss ir one ear and a mixed loss in the other. Bilater- 
al exploratory tympanotomies in one case revealed 
ossicı lar abnormalities (absent ossicles on the left 
side; nalformed incus and an absent stapedial foot- 
plate on the right). They reviewed the literature 
and ©mmented on the lack of audiological and ra- 
diolozical detail.° Singh et al reported a case of a 
concective loss in which both tomography and tym- 





Fig. 4. (Case 7) Frontal tomograph showing bilateral Mondini def=ects. The cochleae appear empty due to deficiency of 


the modiolus in the distal part. 
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panotomy failed to reveal any abnormality. No hy- 
pothesis was advanced to explain this finding.’ It is 
possible to conjecture on the presence of chronic 
low-grade inflammation, though this may not ex- 
plain the latter ease. In gonadal dysgenesis, the high 
incidence of secretory otitis media has been ex- 
plained in terms of abnormal eustachian tube func- 
tion secondary to the skull base abnormalities found 
in the syndrome. This may be a factor in the 
Klippel-Feil anomaly also. 


Our series shows a high incidence of both external 
and middle ear abnormalities. Similar lesions have 
been reported before but not in such a high percen- 
tage of cases (16 out of 20 ears examined).*°°'° In 
most of the patients the sensorineural component 
predominates, thus reducing the clinical signifi- 
cance of the conduction abnormalities. The anoma- 
lies are similar to those found in other head and 
neck syndromes and are nonspecific. 


Unilateral hearing loss, which was present in one 
case, has been described before, but the reason why 
the teratogenic influence should spare one ear is not 
known.°*:!!:!2 Ormerod classified the etiology of con- 
genital deafness into developmental failure, inter- 
ruption in development, or degeneration of parts of 
the auditory apparatus which have already devel- 
oped in some degree or have reached maturity.” 
The pathological findings have been subdivided in- 
to a few eponymous types. In the present series, 


Fig. 6. (Case 10) Basal tomograph 
showing normal internal auditory meatus 
on the right. The basal turn of cochlea is 
significantly dilated and opens into a dis- 
tal sac (arrow). On the left the cochlea 
appears virtually normal. 





Fig. 5. (Case 8) Frontal oer 
showing inner ear aplasia and abnor- 
mal middle ear clefts. 


cases 2, 7 and 10 exhibited the Mondini type of 
defect where the cochlea is represented by a re- 
duced number of turns. Other inner ear anomalies 
were found but cannot be so classified. This inabili- 
ty to fit the majority of cases into the existing 
limited and rigid framework (devised many years 
ago on the basis of little histopathologica! material) 
has led to a call for a more descriptive method of 
classification.'* Such a system has been drawn up 
and may prove of value in the future.'® Am anatomi- 
cal description of the cochlear deformity, the state 
of the modiolus, probable number of coils and 
whether they are dilated or smaller than normal, 
should be made from the tomograms. 


The distinctive inner ear radiological features of 
the Mondini defect have been reported in the Klip- 
pel-Feil syndrome before.'® It is not diagnostic of 
the condition and has been seen in a number of 
cases of congenital deafness, including those in- 
duced by thalidomide,’’ and in a case of gonadal 
dysgenesis.'* The defect is not necessarily incom- 
patible with some hearing, though in the cases of 
the present series there was no useful cochlear func- 
tion .?*:2° 


To produce such bony defects the teratogenic in- 
fluence must act between the fifth and eighth week 
of gestation. Any variation in timing will arrest or 
modify embryogenesis at another point producing a 
different anomaly. In some head and neck syn- 





EAR DEFORMITIES AND KLIPPEL-*EIL SYNDROME 213 
TABLE 1. SUMMARY OF SERIES WITH COMPOSITE DIAGRAMS OF E..R ANOMALIES BASED ON FRONTAL TOMOGRAMS 
eos SSS E VLAS 


Age Radiological Abnormalities External Hearing Loss 
r R L Diagram Ear R 


R L 
4", AFN: no attic or ant.; descent AFN; small attic and ant.: a ae ss Bilateral soft M M 
of tegmen; no ossicles descent of tegmen: small ign \ O tissue meatal C 
ossicular mass atresia 
d i A S 
ia 


O 


ae” = : 
te aS ee aa 
3 Sloping attic; dilated canals: Ossicles fusec to medial D None S S 
dys. cochlea (Mondini defect) wall; small [AM Ja SS SS 
f S pam 
ee EE a 
9 None Small IAM Q iaa None N S 
= O SS 
ae a 
1'4 Dar as tilted attic; dys. laby- Large tilted attie; đys. laby- A 2 None S S 
rinth; no IAM rinth; No IAM Q N j OQ SS SS 


ANS i 
4'h No vestibule or canals; sloping Abnormal attic: small ossic- > R meatal M M 
IAM ular mass O i ~ Fe soft tissue SS SS 
tO atresia 
i -a 
e a a | | -NN 
l'4 Abnormal ossicles; aplastic Abnormal ossic_es; aplastic = ‘coal None S S 
labyrinth; small IAM labyrinth; smal! IAM B ~ = fi SS SS 
x = 


defect) 


9 Small attic; ossicular mass Small attic; ossicular mass a a ~ None S S 
fused to scutum; dilated ca- fused to scutum; dys. coch- ae — Ss Ss 
nals; dys. cochlea (Mondini lea (Mondini defect) dl 





eo 
0 Sloping attic; dys. labyrinth; Sloping attic: đys. laby- E. —— O Bilateral soft S S 
no IAM rinth; small [AM ON ee tissue meatal SS SS 
ore Mh i atresia 
Mi 
m M 
0 AFN; bony atresia plate Abnormal ossictes Ts O hes ee * a 
AR popr 
R L 
. . oS ——_— ge N A 
6 Dys. cochlea with dilated bas- Only 2 turns of cochlea si None S Mild 
al turn opening into distal sac — as 0) SS Mixed 
(severe Mondini defect) eS \ . 
ie — 
A x S 


R - Right; L - Left; AFN - Anterior facial nerve: Ant. - Antrum; Dys. - Dysplastic; 1AM - Internal auditory meatus; M - Moderate; C - Conductive; S - 
Severe; SS - Sensorineural; N - Normal. 
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R NORMAL 





Fig. 7. Key tc Table 1 diagrams. 1 - External auditory 
meatus; 2 - Attic 3 - Malleus and incus; 4 - Internal semi- 
circular camal; 5- Superior semicircular canal; 6 - Vesti- 
bule; 7 - Cochles 8 - Internal auditory meatus; 9 - Eusta- 
chian tube. 


dromes, for in tance mandibulofacial dysostosis, 
the defects appear inheritable, but in others it is not 
certain. There i little known of the relative impor- 
tance of geneti- makeup, intrauterine and extra- 
uterine factors n the normal and abnormal devel- 
opment of the fetus. However these factors are in- 
volved, the sam2 structures appear vulnerable, and 
a variable pattern of recognizably distinct abnor- 
malities appears. 


Of the 20 eas examined, 12 showed evidence of 
severe hearing bsses and of these, 11 had evidence 
of inner ear dysplasia on tomography. The validity 
of the audiograms obtained from the severely deaf 
children is oper to challenge on the grounds that at 
the frequencies and intensities at which there is ap- 
parently a posit ve hearing response, there is also a 
marked tactile ñput via the headphones and a false 
response may be given. A corollary of this finding, if 
valid, is that it nay not be of benefit to the patient 
to be taught pu-ely auditory methods of communi- 
cation learning Hearing aids may give the child 
some information concerning speech rhythms and 
intonation paterns, but this should be supple- 
mented with otner techniques to allow early com- 
munication even if only with those closely associ- 
ated, and them-elves adept. There should be no in- 
sistence on usin the hearing aids if they do not ap- 
pear to help theschild. The vocalizations of a severe- 
ly deaf child are not a substitute for the spoken 
word, and neve will be. In these days of advanced 
electronics, manv forms of communication are 
available, and in many cases the child has other 
normal senses and a normal mentality. 


Tomography not only gives valuable information 
regarding possible hearing function — almost to the 
point of being an objective investigation — but also 
in the case of conductive hearing loss it will allow 
the surgeon to assess the middle ear cavity with a 
view to possibE corrective surgery. A report has 
been made of a possible hazard to stapes surgery in 
this syndrome, that of the stapes gusher.”’ An 


TABLE 2. COMPARISON OF THE CLINICAL FEATURES 
OF FIVE HEAD AND NECK SYNDROMES 


W G HM MFD GD 

Vertebral 

anomalies +++ +++ 
Pterygium colli ~ oe 
Low hairline = + 
Spina bibida + = 
Facial 

asymmetry 
Frontal bossing = 
Microphthalmia + + + 


Epibulbar 
dermoids + +++ 
Iris and/or chor- 
oid celoboma + + a 


Upper lid 

coloboma +++ 
Lower lid 

coloboma + +++ 
Abducent 

nerve palsy +++ + 
Antimongoloid 

slant = +++ 


External 
ear defects + = bpe +p m 


Ear tags + +++ + -= + 
Ear pits + + + + 


Middle 
ear defects + = + a 


Sensorineural 
hearing loss +++ + = 


Malar 

hypoplasia E + t > 
Macrostomia + 
Malocclusion + + teg 


Aplasia of man- 
dible, ramus 
& condyle + +++ 


High palate + 
Cleft palate + - + + 
Abnormal 

karyotype +++ 
Ovarian agenesis PE E S 
Short stature Ar 4 
Digital 

anomalies i df 
Renal anomalies + 


W - Wildervanck’s syndrome; G - Goldenhar’s syndrome: HM - Hemi- 
facial microsomia; MFD - Mandibulofacial dysostosis; GD - Gonadal 
dysgenesis; + - Recorded anomaly; + + + - Distinctive aromaly. 


+ 
+ 
4 
+ 
+ 
+ 


a 
Ea 
+ 


association between this alarming condition and in- 
ner ear anomalies has been noted previously." In 
this series no potential communication between a 
dysplastic labyrinth and the subarachnoic space, as 
may occur via the internal auditory meatus or via a 
dilated cochlear aqueduct,’? was shown on the 
tomograms. 


The Klippel-Feil syndrome is essentially an ortho- 
pedic abnormality consisting of fusion anomalies of 
the cervical and upper thoracic vertebrae, with as- 
sociated pectoral girdle deformities such as Spren- 
gels shoulder and pterygium colli. The etiology is 
probably due to faulty mesodermal differentiation 
at about the second month of gestation. The neck is 
short, the posterior hair line low and head move- 
ments are limited. A number of other associated 
anomalies may occur, including hearing loss. Some 
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of these associations have been described as separate 
syndromes. There is considerable overlap and non- 
conformity, as well as confusion with probable 
unrelated syndromes. The following is a short ac- 
count of the syndromes most likely to be considered 
in a differential diagnosis. Table 2 is a summary of 
the major features. A more detailed account of these 
syndromes may be found in the writings of Konigs- 
mark and Gorlin,' Gorlin and Pindborg’ and Good- 
man and Gorlin.® 


Hemifacial microsomia consists of unilateral 
macrostomia, microtia, and combined mandibular 
ramus and condyle aplasia. Even if bilateral, there 
is always some asymmetry. The ear may be affected 
in any part and lesions are often bizarre and severe. 


Goldenhar’s syndrome is characterized by the 
Klippel-Feil anomaly with epibulbar dermoids 
and/or lipodermoids, preauricular appendages, and 
pretragal blind fistulae. The face may be asym- 
metrial and a relationship with hemifacial micro- 
somia is likely. Any deafness appears secondary to 
the associated external ear anomalies (microtia, 
meatal atresia). The syndrome does not appear to 
be hereditary. 


Wildervanck’s syndrome is characterized by fa- 
cial asymmetry, the Klippel-Feil anomaly. abdu- 
cent nerve palsies, external ear anomalies and sen- 
sorineural hearing loss. The oculomotor anomaly is 
also found in isolation when it is known as Duane’s 
syndrome. Thus it may be said that the syndrome of 
Wildervanck is a compound of two others, Elippel- 
Feil and Duane. Reference to Table 2 will serve to 
underline the complex interrelationship of congeni- 
tal disease in the head and neck and our incomplete 
understanding. 


Mandibulofacial dysostosis (Treacher Collins 
syndrome) is an anomaly of the first branchial arch 
and its derivatives, and does not affect the eervical 
vertebrae. The labyrinth is also spared save for the 
occasional report of lateral canal hypoplasia (an 
anomaly not usually associated with sensorineural 
hearing loss).?” The etiology is probably due to defi- 
cient migration of neural crest cells into the bran- 
chial arches** with cochlear function nearly always 
normal. The stigmata are distinctive but variable 
with an antimongoloid eye slant, lower lid colobo- 
ma, hypoplastic mandibular changes, deformed ex- 
ternal and middle ears. This is a separate syndrome 
and is thought to be of an autosomal dominant con- 
dition with incomplete penetrance, though new 


mutations appear a common occurrence. Hemifa- 
cial microsomia, once thought to be a variant, is 
protably not related. 


Genadal dysgenesis (Turner’s syndrome) is a 
chromosomal abnormality with the karyotype 45,X 
(or 2 mosaic with that). The features usually found 
are low stature, pterygium colli, shield chest, streak 
ovar es and primary amenorrhea. The Klippel-Feil 
anoraaly is not found although there have been re- 
ports of rib and cervical vertebral abnormalities.?5:”° 
Prev eus mention in this paper has been made to the 
ear anomalies found in this syndrome. 


CONCLUSIONS 


There are two major reasons for the publication 
of sech a series of cases. The first is that the 
know ledge made available may help the clinician 
facec with a similar case, a condition with which he 
may never have had experience. The second is for 
the edvancement of knowledge in a difficult and 
comfy lex field of histopathology. There is a need for 
a dyramic, multidisciplinary approach to the prob- 
lem. It is a simplification to attempt to fit cases into 
particular syndromes, convenient though that may 
be far the purposes of classification, or to classify 
anom alies of the inner ear into a small number of 
descr_ptive histopathological types. To do this to 
varizions in an advancing plastic process is not 
logical, and serves only to confuse the inexperienced 
and ret necessarily create order out of chaos. Every 
case nust be recorded and then the total sum of 
data assessed. With regard to the present series, all 
that may be stated is that teratogenic influences act- 
ing upon the head and neck at about the second 
montn of gestation produce a pattern of anomalies 
involving the vertebral column and the ear. More 
speciaically, this series shows that the Klippel-Feil 
anomaly may be associated with deafness of any 
type, with variable effects on the functioning of the 
patieat. By the medium of polytomography it is 
possible to demonstrate bony abnormalities of the 
ear and thereby give valuable information concern- 
ing the hearing status in the patient too young or 
too handicapped to give accurate and reliable sub- 
jectiv2 reports. Guidance may also be given as to 
the possibility of middle ear surgery. The clinician 
with uch a patient should collect and analyze such 
investigations, and integrate them to form a bal- 
ancec approach to enable the patient to acquire 
powers of communication not only among his fel- 
low sufferers, but also with the normal population. 
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TOTAL LARYNGECTOMY WITH ~RACHEOPHARYNGEAL 
FISTULA (NEOGLOTTIS) 
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Our experience with the so-called “neoglottis” (aecording to Staffieri) afte total laryngectomy is presented. The technique, described 
in detail, aims at giving the patient good speech by creating a tracheoesoph geal fistula through which air passes. In the period from 
1973-1979, 63 patients underwent the procedure. The functional results were Stisfactory in 68% of the cases. The patient’s voice is much 
more agreeable than the esophageal voice and sounds louder and less monotoneus than a laryngophone voice. The spectrographic analyses 
confirm its resemblance to natural voice. An occasional passage of liquids into tae trachea may occur, but is not prejudicial to either speech 
or swallowing. Some dysfunctional problems may arise early or late after the yoeration: they are continuous aspiration during swallowing 
and lack of phonatory function. In most cases, these problems are due to ince» rect surgical technique; the possibilities and procedures of 
correction are described. In conclusion, we maintain that the “neoglottis,” whieh may be applied to nearly all cases of total laryngectomy, 
represents a worthwhile “phonatory” innovation in the field of mutilating sur very of laryngeal cancer. 


The treatment of laryngeal cancer today definite- 
ly tends to favor conservative, ie, functional, sur- 
gery. However, total laryngectomy still remains the 
only available technique in a large percentage of 
cases. With the aim of obviating the sequelae of this 
mutilating surgery, two main types of procedures 
have been developed. 


The first type (ie, reconstructive laryngectomy), 
attempts to eliminate the tracheostoma.' The great- 
est obstacle encountered by this technique is the 
restoration of the sphincteral function, since the 
trachea must be fully anastomosed with the hypo- 
pharynx. 


The second type, on the contrary, undertakes the 
less ambitious task of restoring only phonation 
without eliminating the permanent tracheosto- 
ma.** This is achieved by means of a small 
tracheopharyngeal fistula (Fig. 1), through which 
the flow of air from the lungs is directed toward the 
upper vocal resonators (pharynx, oral cavity, etc) 
whenever the tracheostoma is manually closed. This 
produces a voice of good quality with a natural- 
sounding timbre, while aspiration of foods into the 
bronchial tree is prevented by the small size of the 
fistula. 


The present paper deals with our experience with 
the phonatory fistula, also called, according to Staf- 
fieri, neoglottis. 


Indications. The indications for this procedure 
are the same as for total laryngectomy, with or 
without neck dissection. In fact, as stated above, 
the neoglottis is merely a surgical step applied after 
the removal of the larynx. 


There are, however, some contraincieations 
which include: 


1. Hypoglottic cancers, since they make it neces- 


From the ENT-Clinic, University of Ferrara, Italy. 


Sary © remove some tracheal rings. In these cases a 
tracÆal cylinder capable of trapping an adequate 
air vc lume cannot be left above the tracheostoma. 

2. Posteriorly developing cancers, since large ex- 
tents of pharyngoesophageal mucosa must be in- 
cluded in the removal. In these instances the flap of 
muccsa which is left is not wide enough to allow the 
adop ion of this procedure. 


3. Marginal cancers extending to the medial side 
of the pyriform sinus, for the same reason as in 
point 2. 


4. Previous radiotherapy, since the alterations of 





* g. 1. Scheme of the tracheoesophageal fistula (neoglot- 
tisse 
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Fig. 2. When a neoglottis is planned, the removal of the 
larynx (shaded area) should be carried out with attention 
to making the tracheotomy below the thyroid isthmus and 
> slanting downward and backward the section of the tra- 
chea. 


the tissues may prejudice a good functioning of the 
fistula. 


5. Cancers arising in lesions of Plummer-Vinson 
syndrome, for the same reason as in point 4. 


SURGICAL TECHNIQUE 


When a phonatory fistula is planned, the total 
laryngectomy, with or without neck dissection, 
should be performed paying attention to some de- 
tails. First, whenever possible, the tracheotomy 
should be made at the fourth or fifth ring (Fig. 2), 
that is, below the thyroid isthmus, in order to pre- 
vent disconnection of the gland from the trachea: 
this reduces the risk of cartilaginous necrosis due to 
deficient blood supply. Secondly, the transsection 
of the trachea should be carried out according to an 
oblique plane (Fig. 2), ie, starting anteriorly from 
the cricotracheal membrane, extending on both 
sides with a slanting cut in the first tracheal ring 
and ending posteriorly just below the same ring. 
This slope of the tracheal contour, to which the 
esophageal mueosa will be fastened, reduces the risk 
of aspiration of foods into the trachea through the 
fistula. Finally, the pharyngeal mucosa must be left 
as wide as possible, especially at the level of the 
pyriform sinuses and glossoepiglottic valleculae. 


The construction of the phonatory fistula starts as 
soon as the larynx has been removed. The procedure 
may be divided into five steps. 


l. The esophageal adventitia is anchored to the 
most cranial tracheal ring with two separate 
stitches at both posterior ends of the cartilage. 
Then, the fistula is created on the medial line by 


Fig. 3. After the esophagus has been anchored to the 
posterior ends of the tracheal rings, the fistula is made. 


means of a vertical incision (8-10 mm in length) 
which ends 2-3 mm above the upper margin of the 
trachea (Fig. 3). The different layers of the visceral 
wall (muscular, submucosal, mucosal) should be 
separately transsected. The support provided by the 
surgeon’s finger inserted into the lumen facilitates 
the task of identifying the successive layers. 


2. Through the incision, the esophageal mucosa 
is pulled to the outside and sutured to the adventitia 
with a few separate stitches in Dexon® *4 0 (Fig. 4). 
When the fistula has been correctly constructed, it 
has a virtual opening with taut edges. It is useful to 
reinforce them with two anchoring stitches at each 
end of the fistula, passing through the muscle layer. 
This stretches the edges and prevents subsequent as- 
piration of foods. 


3. A heavy silk thread is passed through the nasal 
cavity, the fistula and the tracheostoma (Fig. 5). It 
serves to keep the fistula open and will be removed 
after the patient has learned correct phonation. It 
can also be used to dilate delicately a too narrow 
fistula if a gauze strip with corticostereid ointment 
is fastened to the thread, pulled into the fistula, and 
left in place for a few hours. 


4. The pharyngoesophageal flap is now sutured 
to the tracheal opening; great care must be taken to 
keep the flap taut, at the same time avoiding any 
lateral pulling which would open the fistula. In the 
end, the fistula should be located approximately in 
the center of the tracheal lumen (Fig. 6). 


5. The surgical pharyngostoma is finally closed 
horizontally (Fig. 6). Sometimes, when the pharyn- 


*Davis-Geck, American Cyanamid Co, Pearl River, NY. 
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Fig. 4. The esophageal mucosa is reflected outward and 
sutured to the outer surface. 


gostoma is very large or when the flap is irregularly 
shaped, it may be necessary to use a vertical or a 
Y-shaped suture. 


RESULTS 


From 1973 to 1979, 63 patients, all but one, men, 
ranging in age from 28 to 73, underwent this opera- 
tion. As regards the tumor, 19 were primary supra- 
glottic cancers with glottic involvement (T2-7T3); 44 
were primary cordal cancers with ventricular and 
vestibular involvement (T2-T3-T4). In 52 patients 





Fig. 5. The pha poaophagen flap is sutured to the 
trachea. Note the silk thread passing through the neoglot- 
tis. 





Fig. 6. Suture of the pharyngostoma. 


(82.55) it was possible to perform functional neck 
disseeñton at the same time as the laryngectomy (38 
bilatezal, 14 unilateral). The average period of 
hospitalization, which includes speech rehabilita- 
tion, was 23 days. No postoperative deaths were 
observed. 


Successful results, as regards both phonation and 
deglu“ition, were obtained in 35 patients, while in 8 
other Jatients a good outcome was achieved after a 
revis.enal operation (see below). On the whole, the 
perceatage of favorable results attained was 68%. 


The assistance of a speech therapist is of great 
help m the rehabilitation which is usually begun 
when the wound is completely healed, ie, 8-10 days 
after surgery. The patient’s voice is much more 
agreezble than the esophageal voice and sounds 
loude: and less monotonous than a laryngophone 
voice. The spectrographic analysis shows its ex- 
cellene qualities: it retains the harmonic structure, 
which clearly prevails over any residual traces of 
noise, and provides sufficient modulation of pitch 
and wlume, conserving the characteristics of the 
persezal timbre. Timing of speech is normal. 


As for swallowing, it should be recalled that in 
most 2ases an occasional passage of liquids into the 
trach2a may be seen, without any harm to the pa- 
tients. 


DYSFUNCTIONAL PROBLEMS AND THEIR TREATMENT 


D--functional problems are encountered in cases 
of beth patulous fistula and of its occlusion. Accord- 
ing tc their appearance, they may be classified as 
either immediate or late. Their occurrence in our 
patieats is listed in Table 1. 
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TABLE 1. DYSFUNCTIONAL PROBLEMS AND 
THEIR TREATMENT 


Revision 
Cases Surgery Successful 
Immediate patulous 7 7 6 
Immediate impermeaDle 12 — — 
Late patulous 6 6 ] 
Late impermeable 3 l ] 
Total 28 14 8 


Immediate Complications. 


PATULOUS FISTULA. It is generally due to a faulty 
surgical technique. However, it can be observed 
when the muscle layer is very thin, as it may split 
when the patient resumes natural swallowing. 


The symptoms of immediate patulous fistula are 
unmistakable: as soon as the patient attempts to 
swallow, foods enter the trachea, cause coughing 
and are expelled through the tracheostoma. A slight 
aspiration of liquids is admissible during the first 
days, as it may be due to a local edema affecting the 
edges of the fistula and keeping them from closing 
properly, but this condition must quickly disap- 
pear. 


Immediate patulous fistula was observed in seven 
patients who underwent surgical revision. The 
fistula was exposed through an anterior cervical ap- 
proach; it was shortened by means of stitches pull- 
ing together the edges, which had previously been 
scratched to cause bleeding. This procedure must be 
done promptly to prevent aspiration pneumonia. 
After revision surgery good functional results were 
obtained in six out of the seven cases; in the other 
patient, the fistula shut. 


IMPERMEABLE FISTULA. Often this problem is not a 
question of true occlusion, but rather of the 
patient's initial inability to learn the new mecha- 
nism of phonation (ie, false immediate occlusion). 
In fact, some patients who were unable to phonate 
when they left the hospital, arrived at the follow-up 
with a satisfactory voice, either because they had 
learned or because the fistula was temporarily 
obstructed by lecal edema. 


True immediate occlusion is always due to im- 
proper surgical technique. If the extroflexion of the 
mucosa on the outer pharyngeal surface is in- 
complete, ie, does not include the ends of the 
fissure, scar tissue may obstruct the lumen. More 
frequently, local circulatory troubles prolong the 
edema (contributing factors may be an excessive 
number of stitches and/or the use of nonabsorbable 
suture material), thus leading to the formation of a 
pseudopolyp. In this case, patients show a total in- 
ability to phonate, sometimes paradoxically accom- 
panied by food aspiration during swallowing, as the 
fistula is turned into a one-way valve in the wrong 
direction. 


Both these events, obstruction and pseudo- 
polypoidal edema of the fistula, completely defeat 
the functional goals of the operation. Correcting 
them requires a subsequent follow-up program, 
first medical and then, if necessary, surgical. In 
some cases, when the local edema is still reversible, 
treatment with full dosages of corticosteroids 
dramatically solves the problem within a few days. 
In other instances, however, both medical treat- 
ment and dilations, gently performed by means of 
the silk thread inserted through the fistula, are inef- 
fective, and it is necessary to adopt a surgical pro- 
cedure. Once the fistula has been exposed through 
the anterior approach, it can be corrected or re- 
made. Immediate occlusion was observed in 12 
cases. Surgical revision was planned for these pa- 
tients, but none accepted it. 


Late Complications. A fistula which became 
patulous several months after the operation, ie, 
after a period during which it proved food-tight 
and effective in speech, was observed in five cases. 
This condition is presumably due to a splitting of 
the esophageal wall around the fistula. Thus the 
edges remain rigid, allowing a continuous flood of 
saliva and foods to the trachea. 


The only solution is surgical reduction of the fist- 
ula through the anterior cervical approach. We 
have found this a particularly delicate situation to 
correct, as the atrophied esophageal wall is very 
fragile, and cannot easily withstand the strain of 
the corrective suture. Because of this difficulty, 
Staffieri? recently suggested that the surgeon should 
proceed in these cases as if the goal was not to re- 
duce the fistula, but rather to close it eompletely. 


In one out of our six cases, this corrective surgery 
achieved complete functional success, while in the 
other five patients the fistula became impermeable. 


A late occlusion of the fistula was observed in 
only three cases, one of which was treated with 
radiotherapy. Surgical correction was employed in 
one case with good functional results. 


CONCLUSIONS 


Our experience allows us to state that neoglottis 
fully accomplishes the goal for which it was de- 
veloped, ie, satisfactory speech after total laryn- 
gectomy. The construction of a fistula may con- 
clude a total laryngectomy in nearly all cases in 
which this is indicated. The results are significantly 
good and reliable and no serious complications are 
to be expected. 


One point should be emphasized: total laryngec- 
tomy with neoglottis remains a traditional total 
laryngectomy and thus requires a permanent tra- 
cheostoma. The presence of the traclheostoma is 
considered by common people as “the brand of the 
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cancer” and the need to use a finger to clese the Nevertheless, taking into account both limita- 
tracheostoma calls even more attention to this tions and merits of the procedure, we feel that total 
brand. To avoid this maneuver, an effective me- larynzectomy with neoglottis represents a worth- 
chanical valve to be inserted into the cannula weuld whil= “phonatory” innovation in the field of 
be required. mutilating surgery for laryngeal cancer. 
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NINCDS NOTES* 


CONTRACTS AWARDED FOR STUDY OF LITEEATURE RETRIEVAL SYSTEM 


A collaborative national study, conducted by NINCDS under contract at five evaluation centers, is under way to evaluate the 
usefulness of the MEDLINE literature retrieval system ‘or communicative disarder specialists. 


The two-and-a-half year project, which began in September 1980, will termine the responsiveness of the computerized retrieval 
system to those seeking information about communicative disorders. 


WORKSHOP VOLUME EXAMINES NEUROPEPTIDES 


Neurosection and Brain Peptides: Implications for Bram Functions and N-urological Disease is an extensive work involving over 100 
contributors. The 700-page book examines the potential role of neuropeptides -= understanding the development of neurological disease. It 
is based on a workshop co-sponsored by the NINCDS anc held at Sea Islame, Georgia, in 1980. Edited by Drs. Joseph B. Martin of 
Massachusetts General Hospital, Seymour Reichlin of the Tufts University Se. eol of Medicine, and Katherine L. Bick of NINCDS, the 
volume provides a state-of-the-art review of, and points to new directions in, am area of neurobiology that has advanced dramatically in the 
last decade. 


The publication is available from the Raven Press, 1140 Avenue of the Americas, New York, NY 10036. 


FOGARTY SCHOLA&-IN-RESIDENCE IS FIRST FROM CHINA 


The first Fogarty International Scholar from China arrived at NIH on Jamary 30, 1981. The noted visitor is Dr. Hsiang-Tung Chang, 
a neurophysiologist of international reputation and Prefessar at the Shangha: _nstitute of Physiology. 


As a Fogarty Scholar, Dr. Chang, who is also the Director of the Brain Res=arch Institute of the Chinese Academy of Sciences, will in- 
teract with scientists from NINCDS and the National Institute of Mental Hea t through lectures, seminars, and informal discussions. He 
will also participate in NINCDS research involving pain and the vagus nerve. 


Dr. Chang is the author of nearly 80 publications, and is a member of num=rous professional organizations and editorial and advisory 
boards. He received his undergraduate degree from the National University ə Peking and his Ph.D. from Yale University. He has held 
positions in the United States as Assistant Professor at the Yabe University Schoohof Medicine and as an associate at the Rockefeller Institute 
for Medical Research. 


*This information is prepared monthly by the Office of Scientific and Health Repor-s National Institute of Neurological and Communicative Disorders 
and Stroke, National Institutes of Health, Bldg. 31, Rm. 8A06. Bethesda, MD 20205, (1) 496-5751. 
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ANALYSIS OF FACTORS AFFECTING COMPLICATIONS OF 
CAROTID LIGATION 


AKIYOSHI KONNO, MD 


XIYOSHI TOGAWA, MD 


KEIJI IIZUKA, MD 


AKITA, JAPAN 


A study of 156 >atients subjected to common carotid ligation in the treatment of head and neck carcinoma was made to investigate the 
influence of selectec factors on cerebral complications. In the analysis complications were grouped as death or coma; death, coma, hemi- 
plegia or monoplega; and transitory cerebral symptoms. Primary independent variables included method of occlusion (abrupt, gradual); 
duration of occlusim; and collateral circulation via the external carotid artery (intact, ligated external carotid artery). Death or coma oc- 
curred in 24 cases (5.4%) and complications including death, coma, hemiplegia or monoplegia occurred in 47 cases (30.1% ). Although no 
statistically significant difference between abrupt and gradual occlusion cases was noted, the incidence of cerebral complications was sig- 
nificantly lower for the group with gradual carotid occlusions performed over 13 days (6.3%) than for those with abrupt occlusions or 
gradual occlusions performed in less than five days. The incidence of death or coma following carotid artery occlusion was 10.5% in cases 
with an intact exteraal carotid artery, as against 25.5% in those with a ligated external carotid artery, a statistically significant difference. 
Cerebral complicat ons occurred within 48 hours after carotid occlusion in 35 of 47 cases (74.5% ) in which complications developed. In the 
remaining 12 cases 25.5%) complications developed after 48 hours. There was no difference between abrupt and gradual eeclusion cases 


in the incidence of omplications after 48 hours. 


In surgical raanagement of advanced head and 
neck carcinome, or in the treatment of postopera- 
tive complicatiens involving the carotid artery, it is 
sometimes necessary to decide whether the carotid 
should be ligated or grafted. Primary complications 
of ligation can »e cerebral symptoms, ranging from 
death or coma o transitory symptoms, while hem- 
orrhage due to zraft failure is a major complication 
of transplantaton. If it can be performed safely, 
vascular transp antation is an ideal procedure; the 
following disadvantages, however, need to be con- 
sidered. 


1. Therisko graft failure is increased in patients 
receiving massi’e preoperative radiation. 


2. Grafting nay interfere with complete resec- 
tion of the tumor, and increase the risk of tumor 
dispersion. 


3. Grafting necessitates delaying postoperative 
irradiation. 


TABLE 1. CEREERAL COMPLICATIONS IN OCCLUSION 


OF COMMON CAROTID ARTERY (n= 156) 


Abrupt Gradual 
Occlusion Occlusion 
Complications No. % No. % P 
Death or coma 18 17.8 6 10.9 NS 
Death, coma, hem- 
plegia or monopletia 35 34.7 12 21.8 += NS (<0.10) 
Transitory cerebral 
symptoms 8 7.9 8 14.6 NS 
No cerebral 
complications 58 57.4 35 63.6 NS 
Total 101 55 


P - Probability; NS - Not significant. 


Carotid ligation, while more likely to mvolve ce- 
rebral complications, has the following advantages. 


1. More complete resection of the tumor may be 
possible than with vascular transplants. 


2. Postoperative irradiation can be initiated ear- 
ly if necessary. 


3. The danger of carotid rupture is minimized, 
even with suppuration of the postoperative cervical 
wound. 


The greatest problem of ligation is the possibility 
of death or other serious cerebral complications due 
to occlusion of the common carotid artery. The re- 
ported incidence of death from this cause. however, 
varies greatly among investigators." Opinions also 
vary regarding factors influencing the safety of ca- 
rotid ligation, such as whether occlusion is gradual 
or abrupt, and if gradual occlusion is to be used, the 
period of time over which it is completed. The pres- 
ent study is an analysis of cerebral complications in 


TABLE 2. EFFECT OF COLLATERAL CIRCULATION 
VIA EXTERNAL CAROTID ARTERY UPON INCIDENCE 


OF CEREBRAL COMPLICATIONS (N = 156) 


External Carotid Artery 


Intact Ligated 
Complications No. % No. % P 
Death or coma 11 10.5 13 235 <0. 


Death, coma, hemi- 
plegia or monoplegia 27 25.7 


Transitory cerebral 


20 39.2 NS (<0.10) 


symptoms 13 12.4 3 5.9 NS 

No cerebral 

complications 65 61.9 28 54.9 NS 
Total 105 51 


From the Department of Otolaryngology, Akita University School of Medicine, Akita, Japan. 
REPRINTS — Aki-oshi Konno, MD, Department of Otolaryngology, Akita University School of Medicine, Akita City, Akita, Japan. 
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TABLE 3. EFFECT OF COLLATERAL CIRCULATION VIA EXTCRNAL CAROTID ARTERY UPON CEREBRAL 
COMPLICATIONS (N= 156 


eee S>5>—0é0—00OSOS oro 


Common Carol Artery 


Abrupt Occlusion 
External Carotid 


Gradual Occlusion 
External Carotid 


Intact Ligcwed Intact Ligated 
Complications No. % No.  % P No. % No. % P 

Death or coma 9 13.0 9 38.1 NS (<0._€) 2 8.6 4 21.1 NS (<0.10) 
Death, coma, hemi- 

plegia or monoplegia 20 29.0 15 26.9 NS (<0._€) 7 19.4 5 26.3 NS 
Transitory cerebral 

symptoms 7 10.1 1 3.1 NS 6 16.7 2 10.5 NS 
No cerebral 

complications 42 60.9 16 50.0 NS 23 63.9 12 63.2 NS 

Total 69 32 36 19 


cases which included ligation of the commen carot- 
id artery in the management of head and neck car- 
cinoma; data were obtained on 156 cases from 47 
institutions across Japan for the past five years. 


METHODS 


In this analysis cerebral complications were grouped as 1) death 
or coma, 2) death, coma, hemiplegia or monoplegia, aad 3) tran- 
sitory cerebral symptoms. Variables tested included 1) abrupt ver- 
sus gradual occlusion (method of occlusion) of the common 
carotid artery, 2) intact versus ligated external carotid attery, and 
3) reasons for common carotid ligation. 


RESULTS 


In 156 cases of common carotid ligation, cerebral 
complications of death or coma were seen in 24 
cases (15.4%) and complications including death, 
coma, hemiplegia or monoplegia were seen in 47 
cases (30.1%). Transient cerebral disturbance was 
observed in 16 cases (10.3%). There were no com- 
plications in 93 patients (59.3%). 


Abrupt and Gradual Occlusion. The common 
carotid artery was abruptly ligated in 101 cases, 
and subjected to gradual occlusion with the use of a 
carotid artery clamp in 55 cases (Table 1). There 
were no statistically significant differences at the 
5% level as determined by chi-square tests ‘includ- 
ing Fisher’s exact test) in the incidence of any com- 
plications comparing abrupt and gradual carotid 
occlusion. The incidence of cerebral complications 
between the two populations when comparing 
death, coma, hemiplegia or monoplegia was lower 
in the gradual occlusion group at the 10% level. 


Collateral Circulation Via External Carotid 
Artery. At the time of ligation of the common 
carotid artery, the external carotid artery remained 
open in 105 cases, while the external carotid artery 
had been ligated by a previous surgery or was li- 
gated simultaneously with common carotic ligation 
in 51 cases (Table 2). The incidence of death or 
coma was significantly lower at the 5% level in the 
group with intact external carotid arteries than 
ligated external carotid arteries. The propartion of 
cerebral complications including death. coma, 
hemiplegia or monoplegia was lower at the 10% 


level in the group with intact external carotid 
arter_es than in the ligated group. 


Wen the subjects were subdivided into gradual 
or ckrupt carotid occlusion groups, there were no 
stat.stically significant differences in the incidence 
of cerebral complications between the groups with 
intact and ligated external carotid arteries, with 
either gradual or abrupt carotid occlusion (Table 
3). When complications were limited to death or 
com:, the incidence of complications was propor- 
tionelly lower in the group with intact external 
carotid arteries than in the group with ligated exter- 
nal carotids, regardless of whether common carotid 
ligaton was abrupt or gradual. The incidence of 
cerebral complications inclusive of death, coma, 
hem -plegia or monoplegia was proportionally lower 
in tte intact than in the ligated external carotid 
artery group in cases with abrupt common carotid 
ligat on. 


Im 13 cases the common carotid artery was 
gradually occluded with no cerebral complications 
and the external carotid artery was secondarily 
resected at the time of tumor removal. The in- 
cidemce of cerebral complications of this group 
ranked between the gradual occlusion and the 
abrapt occlusion groups in cases of previously 
ligated external carotid arteries (Table 4). 


Injury to the carotid artery due to gradual occlu- 
sion was seen in one case where hemorrhage was 
not=] at the site of clamping eight days after initia- 
tion of the ligation, and emergency ligation of the 
com non carotid artery was done. No serious injury 
to tke arterial wall resulted in other cases. 


TAB_E 4. INCIDENCE OF CEREBRAL COMPLICATIONS 
OXN ABRUPT OCCLUSION OF EXTERNAL CAROTID 
ARLERY AFTER GRADUAL OCCLUSION OF COMMON 


CAROTID ARTERY (n= 13) 


Cases 
Complications No. % 

Dea-] or coma 3 23.0 
Deał, coma, hemiplegia or 

maoplegia 5 38.5 

Tramätory cerebral symptoms l Gt 

No camplications T 53.8 

Total 13 100.0 
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TABLE 5. DAYS FOLLOWING CAROTID OCCLUSION AND INCIDENCE OF CEREBRAL COMPLICATIOFS (n= 55) 
See eS ee eee 


Days Spent in Ligation 
Less than 7 Days (Mean 5.1+1.7) More than 8 Days (Mean 13+4.5) 


Cases with Cases with 
Total No. Complications * Total No. Complications * 
Cases No. % Cases No. % p 
External carotid artery intact 20 6 30.0 16 1 6.3 NS (<0.10) 
External carotid artery ligated 16 5 31.3 3 0 NS 
Total 36 11 30.6 19 1 5.3 <0.05 


*Death, coma, hemiplegia, or monoplegia. 


Duration of Ligation. The relationship between 
number of days spent in ligation and complications 
including death, coma, hemiplegia or monoplegia 
in gradual occlusion cases is compared in Table 5. 
Gradual occlusion cases were divided into two 
groups according to the length of time required for 
ligation. Average time needed for gradual occlusion 
was less than seven days in 36 cases (mean and SD 
ö5.l+ 1.7 days), and eight days or longer in 19 cases 
(mean and SD 1344.5 days). Cerebral complica- 
tions were seen in 11 of 36 cases (30.6%) in the 
shorter duration group, and in 1 of 19 cases (5.3%) 
in the longer duration group. The difference was 
significant at the 5% level. 


Reasons for Ligation. The purposes of common 
carotid ligation by method of occlusion (abrupt and 
gradual) are compared in Table 6. Common carotid 
ligation was performed for radical resection of a 
tumor that infiltrated or approached the carotid 
-wall in 59 cases, for rupture or impending rupture 
of the carotid artery in terminal carcinoma in 64 
cases, for treatment of postoperative complications 
involving the carotid artery in 29 cases, and for 
treatment of operative injury of the carotid artery 
or other purposes in 4 cases. Abrupt occlusion was 
used most frequently in treating rupture or impen- 
ding rupture of the carotid artery in terminal car- 
cinoma (53/64 cases, 83%) or treatment of postop- 
erative complications involving the carotid artery 
(27/29 cases, 93%). Gradual occlusion, on the other 
hand, was more frequently performed (41/59 cases, 
69%) when the purpose was resection of a tumor. 


Table 7 revealed no significant correlation be- 
tween cerebral complications and the purposes of 
abrupt occlusion of the carotid artery. 


Time of Onset of Complications. In the majority 
of cases, cerebral complications were manifested 
within 24 hours of ligation. They appeared two or 
more days after carotid occlusion in 12 of 156 cases. 


These 12 cases included two cases of hemiplegia 
with onset 10 and 12 months after occlusion. There 
was no significant difference in the ineidence of 
complications occurring after 48 hours between the 
groups with abrupt and gradual occlusion. 


DISCUSSION 


Resection of the common carotid artery is occa- 
sionally unavoidable in extirpative surgery in ad- 
vanced head and neck carcinoma. The iacidence of 
cerebral complications following common carotid 
occlusion varies greatly with differert authors. 
Watson and Silverston’ reported that the incidence 
of cerebral complications due to ligation əf the com- 
mon carotid artery was 60% and mortaity 55% in 
cases of head and neck carcinoma. According to 
Moor et al? the incidence of cerebral complications 
was 40% and mortality 17% in 69 cases of elective 
ligation of the common carotid and/er internal 
carotid artery, as against 88% and 38% respective- 
ly in 87 cases of nonelective ligation for carotid rup- 
ture. 


Incidence of cerebral complications of carotid li- 
gation is generally low in surgery for cerebral an- 
eurysm and arteriovenous fistula. Matas? reported a 
mortality rate of 3.8% in 53 cases @ common 
carotid ligation, Dandy* reported 5.7% in 88 cases 
of internal carotid ligation, and Gurdjiaa® reported 
3% in 63 cases of common or internal carotid artery 
ligation. According to Nishioka,’ howewer, the in- 
cidence of complications of common er internal 
carotid ligation in 765 cases of intracranial aneur- 
ysm was 34% in abrupt occlusion, 25% in gradual 
occlusion, 28% in common carotid ligation, and 
49% in internal carotid ligation. Such a disparity 
seems to have arisen from a complicated diversity of 
characteristics in patients subjected to carotid liga- 
tion. 


In the 156 cases in the present series, the in- 
cidence of cerebral complications inclucing death, 


TABLE 6. RELATIONSHIP BETWEEN PURPOSE OF COMMON CAROTID LIGATION AND METHOD OF LIGAT ON (n= 156) 


Abrupt Occlusion Gradual Occlusion Total 


Reason for Procedure No. % No. % No. % 


Resection of tumor infiltrating around the carotid artery 
Carotid rupture or impending rupture in terminal carcinoma 


Carotid rupture or impending rupture as postoperative 
complication 


Others 
Total 


18 17.8 41 74.5 59 37.8 
53 525 11 20.1 64 41.0 
27 26.7 2 3.6 29 18.6 

3 3.0 1 1.8 4 2.6 
101 100.0 55 100.0 156 100.0 
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TABLE 7. PURPOSE OF COMMON CAROTID LIGATION AND INCIDENCE OF CEREBRAL COMPLICATIONS IN CASES OF 


ABRUPT OCCLUSION OF CAROTID ARTERY (N = 101) 
Neen ee SS eee 


Resection of Tumor 
Infiltrating Around 
the Carotid Artery 


Carotid Rupturzsor 
Impending Ruptr=æ in 
Terminal Carcincema Postoperative Complication Others 


Carotid Rupture or 
Impending Rupture in 


Complications No. % No. % No. % No. % Total P 
Death or coma 4 22.2 9 17.0 5 18.5 0 18 NS 
Death, coma, hemiplegia 
or monoplegia 7 28.9 19 35.8 9 33.3 0 35 NS 
Transitory cerebral 
symptoms 0 4 7.6 4 14.8 0 8 NS 
No cerebral complications 11 61,1 30 56.6 14 51.8 3 100 58 NS 
Total 18 53 27 3 101 


NS - Not significant. 


coma, hemiplegia or monoplegia was 30.1% and 
mortality 15.4%. While statistically significant dif- 
ferences in the incidence of cerebral complications 
between abrupt and gradual occlusion groups in the 
present study were not found, a significant differ- 
ence was discovered between cases of abrupt occlu- 
sion and gradual occlusion performed over an 
average of 13+ 4.5 days. The presence or absence of 
collateral circulation through the external carotid 
artery was also a statistically significant faetor af- 
fecting the incidence of complications. This agrees 
with the findings of Nishioka® concerning differ- 
ences between the incidence of complications of 
common carotid and internal carotid ligation, both 
performed for intracranial aneurysm. 


After common carotid ligation, collateral eircula- 
tion develops in accordance with the arterial pres- 
sure gradient. Youmans et al’ demonstrated 
changes in internal carotid artery blood flow after 
common carotid ligation. Blood flow from the ex- 
ternal to the internal carotid artery was recorded 
immediately after the common carotid ligation in 
one of eight cases, blood flow was not detected in 
the internal carotid artery in one case, and retro- 
grade blood flow from the internal to the external 
carotid artery was recorded in the remaining six 
cases. Prolonged recording (average two hours, 36 
minutes) after common carotid ligation showed 
blood flow from the external to the internal carotid 
artery in all the cases; volume of blood flow into the 
internal carotid artery increased with time. 


The incidence of cerebral complications includ- 
ing death, coma, hemiplegia or monoplegia was as 
high as 38.5% in 13 cases in which the common 
carotid artery was gradually occluded and the ex- 
ternal carotid artery was secondarily ligated 
abruptly and resected together with the tumor in an 
extended extirpative surgery. Actually cases like 
these are the greatest clinical problem. Im such 
cases, it seems necessary to ligate the ipsiiateral ex- 
ternal carotid and the thyroid arteries beforehand if 
possible, and then perform the carotid oeclusion 
gradually over two weeks. 


Pathogenesis of cerebral complications is consid- 
ered to involve insufficiency of the collateral circu- 
lation via the circle of Willis, thrombus formation 


following carotid ligation, and propagation of a 
throm bus distal to the ligation. The latter etiology 
was believed to be the cause of late development of 
cerebral complications and gradual occlusion was 
sometimes contraindicated due to the risk of throm- 
bus fcrmation.® In the present study, cerebral com- 
plicefions were manifested later than 48 hours after 
termination of the ligation in 12 of 156 cases 
(7.7% ). The delayed cerebral complications oc- 
curred independently of method (gradual vs 
abrupt) of occlusion. 


To predict cerebral complications in individual 
cases. various methods have been devised, such as 1) 
Mata.’ test,’ 2) recording of electroencephalograms 
at the time of carotid compression,’ 3) four-vessel 
angizzraphy and visualization of collateral circula- 
tion via the contralateral internal carotid artery 
duri-2 carotid compression, 4) measurement of dis- 
tal samp pressure and/or measurement of cerebral 
blooz flow following temporary carotid occlusion. +° 
As McCoy and Barsocchini'' described, common 
caro-d and internal carotid ligation probably may 
be saæly carried out if results of these tests are nor- 
mal. 


To minimize development of cerebral complica- 
tions. the occlusion should be done gradually over 
appreximately two weeks, if possible. The carotid 
arter~ is constricted at a stroke by a half to two 
third of its internal diameter with a carotid artery 
clam> the first day; thereafter clamping is allowed 
to gradually increase the degree of stricture. Devel- 
opment of cerebral dysfunction is monitored by 
serial EEG recordings. Though cerebral complica- 
tions may develop in the course of gradual occlu- 
sion. many cases have been reported in which pa- 
ralyss was reversed by opening the carotid clamp.°® 


SUMMARY 


A tudy of 156 surgical oncology patients with 
carot d ligations was made to determine the effect 
of seEcted factors on cerebral complications. The 
majo independent variables tested were 1) method 
of ocelusion (abrupt versus gradual), 2) collateral 
circu ation via the external carotid artery, and 3) 
durefion of ligation procedure. 


226 KONNO ET AL 


Of 156 cases, 24 (15.4%) experienced death or 
coma; complications including death, coma, hemi- 
plegia or monoplegia were seen in 47 cases (30.1%). 


The incidence of cerebral complications includ- 
ing death, coma, hemiplegia or monoplegia varied 
from 6.3 - 46.9% . There was no statistically signifi- 
cant difference in the incidence of complications 
between groups with abrupt and gradual occlusion 
of the common carotid artery. It was significantly 
lower, however, in the group with gradual occlu- 
sion performed over 13+ 4.5 days than in the group 
with abrupt occlusion. In this subgroup of gradual 
occlusion, the incidence of cerebral complications 


including death, coma, hemiplegia or monoplegia 
was the lowest (6.3%). 


The incidence of complications including death 
or coma was 10.5% in cases with an intact external 
carotid artery, as against 25.5% in those with a 
ligated external carotid artery. Differences between 
these two groups were significant at the 5% level. 


Cerebral complications such as death, coma, 
hemiplegia or monoplegia occurred within 48 hours 
after occlusion in 35 of 47 cases in which complica- 
tions developed. In the remaining 12 cases, compli- 
cations developed after 48 hours. Complications 
after 48 hours appeared to occur independently of 
method of occlusion. 
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A study using nonsense syllables has shown that a multiple-channel cochi implant with speech processor is effective in providing in- 
formation about voicing and manner and to a lesser extent place distinctions. T ese distinctions supplement lipreading cues. Furthermore, 
the average percentage improvements in overall identification scores for multgle-channel electrical stimulation and lipreading compared 
to lipreading alone were 71% for a laboratory-based speech processor and 12% for a wearable unit. 


INTRODUCTION 


Patients with a profound or total hearing loss do 
not get satisfactory help with a hearing aic. Conse- 
quently, there has been interest in producmg hear- 
ing artificially by electrical stimulation of residual 
auditory nerve fibers, and recent studies have 
shown patients benefit by single channel’ or mul- 
tiple-channel*® stimulation. This has beer demon- 
strated by a variety of tests which have included the 
Utley and Norton speechreading measure,’ the 
Craig lipreading inventory,’ closed-set spondaic 
word lists, vowel identification,?® censonant 
identification,’ phonetically-balanced word lists,’ 
and everyday sentence lists.’ 


In order to evaluate the multiple-channel coch- 
lear implant and speech processor developed at the 
University of Melbourne,*’ we have considered it 
desirable to use nonsense syllables with a vowel- 
consonant-vowel (VCV) structure as a ‘est pro- 
cedure. We have done this as these syllables have 
been used to evaluate and improve the speech pro- 
cessing strategy used with our device,°’ and conso- 
nant confusion tests using these syllables have been 
used to assess communication skills in nommal and 
hard of hearing subjects.'°" 


METHODS 


Two patients with a total hearing loss were implanted with 
multiple-channel receiver-stimulator devices on August 1, 1978, 
and July 17, 1979, respectively. The first patient had a sudden 
hearing loss following a head injury 18 months prior to surgery. 
Pure-tone audiometry under headphones and free-fie'd revealed 
no hearing at any frequency, and the patient consequently re- 
ceived no benefit from a hearing aid. Polytome x-rays of the tem- 
poral bone demonstrated a fracture involving the superior 
semicircular canal, and electrical stimulation of the promontory 
was positive. The second patient had a progressive hearing loss. 
He had interstitial keratitis at the age of 19, and was irvolved in a 
bomb blast in 1944. For 13 years prior to surgery. pure-tone 
audiometry had shown no residual hearing. When tested in 1978 


pure--»ne audiometry under headphones showed no hearing in 
the k© or operated ear, and in the right ear a threshold of 105 dB 
HTL. 0.5 kHz and 90 dB HTL at 0.25 kHz. Speech audiometry 
unde headphones at intensities of 120 dB SPL gave 0% scores. 
This =atient received no benefit from a hearing aid. Electrical 
stima .tion of the promontory was also positive. 


T =teceiver-stimulator units were implanted in a bed created 
in the mastoid bone.’ They provided ten channels of stimulation, 
witt dependent control of the pulse rate and current level on 
eack cnannel.'* Electrical stimulation was produced with bi- 
phasis current pulses with the leading phase negative and each 
phase “ixed at approximately 180 us. The current levels were 
varies “rom 70 pA in fifteen 70 pA steps to approximately 1 mA.” 
Powe--and data were transmitted through the skin by inductive 
coupl ng. The electrode arrays from the receiver-stimulator units 
were inserted into the scala tympani of the basal turn of the 
cochl=. through the round window, and passed for a distance of 
20-25 am. The electrode arrays had 20 individual electrodes so 
that tn channels of stimulation could be obtained, using alter- 
nate ==2ctrodes as a common ground. The array was fabricated 
fror Lflon®-coated platinum wires with a bare diameter of .025 
mm The wires were enclosed in a Silastic® tube (Dow Corning) 
with am outside diameter of 0.6 mm, and connected to 0.3 mm 
strips ef platinum foil. These strips were then wrapped around 
the Sz .stic tube, and the free ends welded together.'* 


Føl wing the operation on the first patient, electrical stimulus 
threskelds for 1000 pulse/s stimuli were obtained and these varied 
fror 3 pA to 402 pA for the different electrodes, and there was a 
dynerme range of approximately 450 „A. A series of psycho- 
phys al tests was then carried out. These showed that he exper- 
iencee a change in vowel color and sharpness with the position of 
the el-etrode, a variation in pitch with pulse rate, and an increase 
in loess with current level.* It therefore appeared that a possi- 
ble g==ch processing strategy was to transform the spectral em- 
phasis of a speech signal to electrode position, the fundamental 
frequemcy to pulse rate, and the speech signal energy to current 
leveL 


Th= strategy was implemented initially using a laboratory- 
based.seech processor.’ In the speech processor the voicing fre- 
quer&-of speech (FO) and its energy (AO) were extracted using a 
400 t= low-pass filter, and an energy threshold detector of AO 
was red to determine whether voicing was present or not. In the 
presemce of voicing the pulse rate on electrodes was made propor- 
tionelits FO. If voicing was absent, a constant low pulse rate was 
used =< it produced a sensation described as “rough” which was 
simike~to a “noise” sensation previously experienced by the pa- 
tients when they had hearing. In addition, the frequency of the 
dom rant spectral peak in the midfrequency range, called the sec- 
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Fig. 1. Photograph of patient 1 using the wearable 
speech-processor. 


ond formant frequency (F2) and the energy (A2) associated with 
this peak were estimated from the output of a 750-4000 Hz band- 
pass filter. For a given F2 estimate, an electrode was selected 
from a predetermined F2-to-electrode transformation map, 
which had been constructed by ranking the electrodes from dull- 
est to sharpest, and assigning frequency subbands to these elec- 
trodes in an order from lowest to highest. Similarly, the current 
level was determined on the basis of an A2-to-current level map. 
The speech parameters were determined every 10 ms, and only 
one electrode was activated within a 10 ms time frame. 


The laboratory-based speech processor was assessed in the two 
patients using nonsense syllables constructed from the consonants 
Ib/, /p/, /m/, /d/, /ti, Inl, /g/, /k/ in a VCV structure using the 
vowel /a/ as in “father.” The above consonants were selected as 
they include important homophenous phonemes (phonemes hav- 
ing the same form to the eye as another). For example, /b/, /p/, 
/m/ look the same on the lips as do /d/, /t/, /n/ and also /g/, /k/. 


The study was carried out in a well-lit room with no sound 
treatment in three situations: multiple-channel electrical stimula- 
tion alone (EO), vision alone (VO) and vision plus multiple-chan- 
nel electrical stimulation (EV). The test material was presented 
by experienced audiologists using live voice at an intensity of 80 
dB SPL at the micrephone. The sets of nonsense syllables were 
spoken by both a female with a British accent, and a male with an 
Australian one. It was considered important to have results for 
both female and male voices in order to assess the capacity of the 
speech processor in handling both female and male speaker 
characteristics which can vary considerably in fundamental and 
formant frequencies. There was in fact quite a considerable varia- 
tion in the speaker characteristics of the two testers as the female 
had a fundamental frequency of 230-240 Hz, and the male a fre- 
quency of 100-125 Hz. 


The test results were obtained after the patients had been made 
familiar with each stimulus presentation situation, and the nature 
of the test material. Each patient was tested on four separate 
days. Two days were-for tests with the female speaker and two for 
the male speaker, so that an assessment could be made of test-re- 
test reliability. On each day the patient had three test sessions for 
the stimulus conditions EO, VO, EV. Each session lasted 20-25 
minutes, and there was a break of 10-15 minutes between each 
session. Furthermore, the conditions EO, VO, EV were tested in 
different order to reduce the effects of learning and fatigue in 


TABLE 1. IDENTIFICATION OF CONSONANTS,’ 
LABORATORY-BASED SPEECH PROCESSOR 


Proportion Correct 
Improvement fT 
with ES plus 
Vision vs 


Test Vision ES Vision Alone 
Voice ES Alone Plus Vision (%) 
Patient 1 F 48 36 .69 92 
M 30 .34 61 79 
Patient 2 F .34 42 .70 67 
M 00 On .46 44 
Average 37 36 .62 12 


"Dim p-d, Hy t E k. 

t Improvement is defined as the difference between the implant plus vi- 
sion and vision alone scores divided by the vision alone seores and ex- 
pressed as a percentage. 

Proportion correct - Number of phonemes correctly identified divided 
by number of times each phoneme was presented (20 stimuli). 

ES - Electrical stimulation. 


biasing the results. For patient 1 the experimental conditions 
were: day 1, tester 1 - EO, VO, EV; day 2, tester 2 - EV, EO, 
VO; day 3, tester 2 - VO, EO, EV; day 4, tester 1 - EV, VO, EO. 
For patient 2 the conditions were: day 1, tester 1 - EO, VO, EV; 
day 2, tester 2- EV, EO, VO; day 3, tester 2- EV, EO, VO; day 
4, tester 1 - VO, EV, EO. At each session nonsense syllables were 
presented at random until all eight consonants had been given ten 
times, a total of 80 syllables. 


The results of the study were recorded as confusion matrices, 
obtained by plotting the patients’ responses to each stimulus. 
From the results, the overall proportion of nonsense syllables cor- 
rectly identified was calculated. In addition, the proportion of 
voicing, manner and place distinctions correctly made was deter- 
mined. It was considered important to assess the value of the im- 
plant in helping the patients to make voicing, manner and place 
distinctions, as this would be a measure of how effective the 
device is in supplementing lip reading cues. Lip reading cues are 
mainly based on place distinctions, for example, the bilabial 
plosives /p/ and /b/ have a different place of articulation from the 
lingua-alveolars /t/ and /d/, and this can be readily seen on the 
lips. Therefore, if adequate voicing distinctions are provided by 
electrical stimulation, this will greatly assist in communication. 
Furthermore, manner distinictions will be of help as these are also 
not readily visible on the lips, and could help distinguish the 
plosive /b/ from the nasal /m/. 


A wearable speech-processor (Fig. 1) was also constructed to 
provide similar processing strategies to the laboratory-based de- 
vice. It was tested in the same way although the stimulus condi- 
tions were not varied and the order was EV, VO, EO. It was con- 
sidered that this would 1) maximize the fatigue effect for EO, and 
2) there would be a better practice effect for VO following EV 
rather than for EO following EV. Presenting the conditions this 
way would therefore be more likely to give better results for VO 
rather than EO. Furthermore, due to staff changes another 
audiologist carried out the male voice tests. The results were also 
plotted as confusion matrices. 


RESULTS 


The results of the nonsense syllable tests for the 
laboratory-based speech processor are summarized 
in Table 1. The order of EO, VO, EV had no signif- 
icant effect on the results, and test-retest reliability 
was good, especially for patient 1. Furthermore, it 
can be seen from Table 1 that when tested with 
female and male voices, the use of the multiple- 
channel cochlear implant led to a very significant 
improvement in both patients’ abilities to speech- 
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TABLE 2. VOICING, MANNER AND PLACE 
DISTINCTIONS, LABORATORY-BASED SPEECH PROCESSOR 


Proportion Correct 


ES 
Test ES Vision plus 
Voice Alone Alone Vision 
Patient 1 F Voicing .94 .62 .98 
Manner SAO .60 By fs 
Place .63 .78 .89 
M Voicing 83 59 .86 
Manner .66 .63 .76 
Place 5] STA .88 
Patient 2 F Voicing .86 .65 .96 
Manner AN .64 .T7 
Place 54 84 .93 
M Voicing Brg | 54 .68 
Manner .76 .66 .66 
Place 53 12 .84 


read compared to vision alone. This improvement 
varied from 44 to 92%, with an average of 72%. 


Furthermore, an analysis of the results to deter- 
mine the proportion of voicing, manner and place 
distinctions correctly identified are summarized in 
Table 2. From this it can be seen that there was a 
consistent trend for the scores to be significantly 
better with voicing and manner distinctiens for 
electrical stimulation alone rather than lipreading 
alone. There was a further improvement in the 
scores for voicing and manner distinctions wħen us- 
ing electrical stimulation in combination with lip- 
reading. Furthermore, although the place distinc- 
tion results were poorer for electrical stimulation 
alone compared to lipreading alone, electrical stim- 
ulation was in fact a help when used in combination 
with lipreading as the combined scores for the place 
distinction were in fact better than with lipreading 
alone. 

The results of testing the wearable speech proces- 
sor on patient 1 are summarized in Table 3. The 
test-retest reliability was good. Table 3 shows that 
when the wearable speech processor was used in 
conjunction with lipreading, the scores were signifi- 
cantly better than with lipreading alone. The im- 
provements were 156% for the female speaker and 
92% for the male. When the results were amalyzed 


TABLE 3. IDENTIFICATION OF CONSONANTS,* 
WEARABLE SPEECH PROCESSOR 


Proportion Correct 


Improvement 
with ES plus 
Vision vs 

Test Vision ES Vision Alone 
Voice ES Alone Plus Vision (%) 
Patient 1 F 56 34 87 156 
M .50 .36 .69 92 
Average 03 35 .78 122 


"bm, p a, a, t g, k: 


TABLE 4. VOICING, MANNER AND PLACE 
DISTINCTIONS, WEARABLE SPEECH PROCESSOR 


Proportion Correct 


ES 
Test ES Vision plus 
Voice Alone Alone Vision 
Voicing 94 .64 .98 
F Manner 83 .66 .93 
Place ad .80 .94 
Patien 1 
Voicing 82 .62 90 
M Manner 86 By 85 
Place 62 80 85 


to det=rmine the proportion of voicing, manner and 
place distinction correctly identified it was found 
(Tabl=4) that voicing and manner distinctions were 
signif «antly better with multiple-channel electrical 
stima ation alone compared to lipreading alone, 
and toe scores for electrical stimulation plus lip- 
read_mg were either as good as electrical stimulation 
alone or better. Furthermore, although the place 
distin=ions with electrical stimulation were not as 
good zs those with lipreading, they were never- 
theles significant, and in the combined electrical 
stima ation and lipreading situation they were bet- 
ter than with lipreading alone. 


DISCUSSION 


T findings in this study show that a multiple- 
chanael cochlear implant and speech processor 
whica extracts the voicing frequency and energy, 
and t= frequency and energy of the dominant spec- 
tral peak in the midfrequency range are effective in 
proving help with voicing and manner distinc- 
tions. and to a lesser extent with place information. 
Help with voicing and manner distinctions should 
supyEment lipreading cues in understanding run- 
ning seech. Furthermore, it was also shown that 
the overall scores were significantly better when us- 
ing -maltiple-channel electrical stimulation in con- 
juncten with lipreading compared to lipreading 
alone, and the improvements varied from 44 to 
92% 5r the laboratory-based speech processor, and 
from %2 to 156% for the wearable processor. The 
impreved performance of the wearable processor 
may aave been due to a learning effect, and the fact 
that a different male voice was used for the tests. 
The performance was nevertheless significant and 
indicates that the laboratory-based speech processor 
strategy had been adequately realized in the 
wea-aDdle unit. It is also of interest that the results 
for vaicing, manner and place distinctions were 
slightly better in patient 1 for the wearable speech 
procesor when compared with those for the labora- 
tory- xased speech processor. 
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PILLING INSTRUMENTS 
The Surgeon's Choice 


At the Pilling Divisior of Narco Scientific, 
we've been in the business of 
developing, producing, and supplying 
the “tools of the trade” to surgeons 
for over 165 years. Through the 

years we ve worked with leading 
surgeons to provide the instruments 
that would simplify the newest surgical 
techniques. This close involvement 
has resulted in the patenting of many of 
the features of Pilling instruments, 
including innovations such as Atraugrip® 
jaws and Life-Lok® 90x locks. 

Because we are one of the few 
remaining surgical instrumentation 
houses that maintains complete manu- 
facturing facilities, we totally control 
the quality of materiel and workmanship 
that goes into each product. And 
we can work closely with innovative 
Surgeons to produce custom 
instruments to meet their exacting 
individual requirements...from design to 
manufacture to delivery. In fact, a 
significant portion of our business 
today includes the production of such 
Custom instruments. 

We currently offer more than 4,500 
different cataloged instruments for use 
in your OR. Our dedication to 
innovative design ideas and in-house 
manufacturing and repair facilities 
gives special confidence to those who 
specify Pilling instruments from 
Narco Scientific. 

This folder features the new and the 
improved from our extensive product 
line. To obtain detailed catalogs 
on these and other products, simply 
complete and return the coupon on the 
back page. 

At the Pilling Division of Narco 
Scientific, we're dedicated to providing 
the service and quality you must have to 
satisfy your professional needs. 


New products, 
expanded product lines, 
improved services 
Vascular Clamps. Did you know that 
we Offer more than 350 vascular 


clamps — almost triəle the number 
offered by any other manufacturer? 


Our Atraugrip® jaws completely 
occlude vessels without crushing the 
intima. And our Life-Lok® is the 
strongest box lock made. Ask for our 
Cardiovascular, Thoracic and General 
Surgical catalog. (Circle No. 1 on 
coupon.) 





Plastic Surgery Instruments. Now 
you can have instruments with Narco 
Scientific quality for plastic surgery. 
Micro-surgical instruments, scissors, 
forceps, rasps, rongeurs, needle 
holders. Ask for our new catalog. 
(Circle No. 2 on the coupon.) 





Laser Accessories. Our Pilling Division 
has been an innovator in laser 
surgery, working Closely with leading 
surgeons to develop essential hand- 
held laser accessory instruments — 
mirrors, aspirating tubes, retractors, 
measuring devices, microlaryngoscopes, 
speculums, forceps and many more. 
(Circle No. 3 for OB/GYN or No. 4 

for ENT laser accessor es.) 





Endoscopic Instruments. Our 
selection of endoscopic instruments is 
the best in the world. Pilling endoscopes 
include designs by Jackson, Holinger, 
Tucker, Carlens, Jesberg and others. 
Also new — a telescopic rod lens 

for our bronchoscopes. (Circle No. 8.) 





Tracheostomy and Laryngectomy 
Tubes. We offer the most compre- 
hensive selection of reusable 
tracheostomy and laryngectomy tubes 
and accessories available to the 





profession. It includes everything from 
trachea tubes, laryngectomy tubes, 
cuff and cuff expanders, adapters and 
decannulation stoppers, to the 

Tucker and Kistner valves designed to 
allow for normal speech. (For more 
information, Circle No. 10.) 


General Surgical Instruments. Our 
complete line of general surgical 

instruments totals more than 1,200 
items, including an expanded line of 





hemostatic forceps. Also included 

in Our genera! surgical line is € complete 
selection of instruments for OB/GYN 
Surgery and Our unique Gomez 

and Poly-Tract retractor systems. 
(Circle Na. 1 ) 


ENT Instruments. Now our Pilling 
Division otfers almost 200 papular ENT 
instruments — speculums, s ares, 
forceps, renceurs, scissors, knives, 
chisels, gauces, adenotomes, curettes, 
tonsillectomes and more. (Circte No. 2 
for our new ENT catalog.) 





Fiber Optic Equipment. Difiicult 
Surgical procedures demand the best 
possible lighting. Our Micro-¥ sion® 
headlights produce up to 20 percent 
greater lignt intensity than co-ventional 
systems. Most of our laryngeal, 
bronchial, esophageal and tracheal 
instruments can be deliverec with 





fiber optic illumination. In fact, we can 
fit fiber optic lighting to just about 

any instrument, even non-Pilling 
instruments. (Circle No. 6.) 


Technique" Tungsten-Carbide 
Instruments. Our new line of 
Technique™ needleholders, forceps 
and scissors has been expanded to 
include more than 175 instruments 

for both general and vascular use. With 
satin finished shanks, highly polished 
handles, and tungsten-carbide cutting 
or grasping surfaces, this superior 

line of instruments offers you glare- 
free precision, balance and craftsman- 
ship to meet the most demanding 
professional standards. (If you don't 
have our catalog, Circle No. 7.) 





Surgical Lighting. The unique Pilling 
Source® surgical lighting system 
uses a high-intensity Xenon lamp 
and new system geometry | 
to produce brilliant, con- 
sistently uniform illumin- 
ation while virtually 










eliminating : 
shadows. Daylight 
color clearly shows 
even subtle varia- 

tions in tissue. Low 
wattage requirements 
save electricity, reduce - 
air conditioning loads. Fingertip 
positioning. (Circle No. 11.) 


Our Repair Program For specific 


helps keep information, 
your instrument complete and mail 
costs down the coupon below. 
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Restoration of any surgical instrument, 1. Cardiovascular, Thoracic and 
regardless of manufacturer, receives General Instruments. 


the same care that our skilled craftsmen 2, Instruments for ENT/Plastic Surgery. 
put into maxing new Pilling instruments. l 

Our Repair Program price list simplifies $ Ue al for OB/GYN Laser 
returns anc orders by enabling you urgery. 
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WEGENER’S GRANULOMATOSIS 
LONG-TERM RESULTS OF TREATMENT 


PETER ILLUM, MD 


KAREN THORLING, MD 


AARHUS, DENMARK 


Seventeen patients with Wegener's granulomatosis are presented. The very complex clinical features are outlined. A recently sug- 
gested new classification (ELK-classification) is applied. Fourteen patients we-e-treated with cytotoxic agents and steroids, 12 of these 
receiving 6-mercaptopurine. Of the ten patients still alive, eight are in remission with treatment withdrawn in three cases. The duration of 
the treatment is discussed. The results are largely satisfactory, but the course of the disease is still capricious. Progression to a higher step in 
the ELK-classification has been observed in several cases and a number of seric_is sequelae to the disease are recorded. The initial symp- 
toms of Wegener’s granulomatosis are varied and uncharacteristic, and it is im>ortant to bear this disease in mind when patients with a 
long course of apparently trivial infections or peculiar constellations of symptenes from several organs are encountered. Repeated biopsies 
from the respiratory tract are important in order to establish the diagnosis, but teatment should not be delayed in cases where only a ten- 
tative diagnosis can be made on the basis of a reasonabty typical clinical pictase, even with a negative histological response. 


Wegener's granulomatosis (WG), described in 
1936," is a rare disease defined by the triad of 1) 
granulomatous, necrotizing processes in the upper 
and/or lower respiratory tract, 2) generalized vas- 
culitis, primarily of the small arteries and veins, 
and 3) focal necrotizing glomerulitis. The disease 
was for many years considered to be invariably fa- 
tal. The average survival time was five months,” but 
spontaneous survival of up to four years hes been 
encountered. 


Subsequently, cases without renal symptoms have 
been described, the so-called limited Wezener’s 
granulomatosis.’ 


A clinical picture involving only the upper res- 
piratory tract has been termed lethal midline 
granuloma. This term had been used not only for 
patients with lesions corresponding to loealized 
WG, but also for cases of specific infections, lvm- 
phomatoid granulomatosis, malignant lymphomas 
and other neoplasms. The term is unfortunately still 
used, but the definition has been tightened.“ 


DeRemee et al* suggested a new classification of 
WG based on the anatomical region involved by the 
disease: upper respiratory tract and ears (E), lungs 
(L) and kidneys (K). Thus, E roughly corresponds 
to midline granuloma, L to limited WG, while the 
classic pathological features are denoted as ELK. 
Also the combinations EL, EK, and LK may occur. 
Other less regular involved organ systems, such as 
the eyes, skin, central nervous system and heart are 
not included in this classification. 


Steroid therapy of WG has only been able to pro- 
long the survival time up to 12'/, months,‘ amd had 
no effect on the renal symptoms. During the Last ten 
years or so, treatment has been improved by the use 
of cytotoxic drugs, usually in connection with ster- 


oid therapy. After a number of reports of treatment 
with <hlorambucil,”8 methotrexate’? and azathio- 
prine™™! have appeared, the attention has lately 
been focused on cyclophosphamide. '?:" 


PATIENT MATERIAL 


Fron 1959 to 1978 we encountered a total of 17 
patierts in whom WG was diagnosed on the basis of 
clinical features and histological changes in tissue 
obtained by biopsy or autopsy which were typical 
of or eompatible with the diagnosis. 


The series studied consisted of ten women and 
seven men. The average age at the onset of the dis- 
ease vas 47 years (range 20-67 years). As in other 
reports, the symptomatology was very complex 
with several organs involved (Table 1). 


The curation of symptoms before the diagnosis 
varied within wide limits. Thus, 13 patients had 
symptoms for less than 12 months (average 4 
months). The remaining four patients had symp- 
toms for an average of 50 months. 


Uprer Respiratory Tract. The most common 
symp-ems were long-standing rhinitis and sinusitis. 
Twenty-four percent of the patients had nasal 
bleediag. Nearly one half had saddle nose, and visi- 
ble tumer tissue was often present. 


Pers sient otitis media was also a common symp- 
tom, and in some cases, this was the first manifesta- 
tion o the disease. Perceptive hearing loss was 
found -n 35% in the form of unilateral anacusis in 
two petients, and as severe incapacitating bilateral 
hearing loss in one. Several patients had undergone 
mastoijtectomy. 


Lov~r Respiratory Tract. One half of the pa- 
tients Lad signs of pulmonary infection in the form 
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TABLE 1. sYMPTOMS AND FINDINGS IN WEGENER'’S 
GRANULOMATOSIS (17 PATIENTS) 


During the 
Whole At the Time 
Course of Diagnosis 
No. % No. % 
Nose, parana:al sinuses 14 82 ll 65 
Rhinitis, siausitis ll 65 
Bleeding 24 
Saddle nose 4] 
Visible tur or tissue 29 
Destructior 6 
Crusts 12 
Lungs l 88 11 65 
Infection 47 
Hemoptysi: 24 


Pleural pain 
Pulmonary infiltrations 


pun 
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Mediastinal lymph node enlargement 8 
Bronchial stenosis 18 
Larynx, track ea 24 4 24 
Stridor 24 
Hoarseness 12 


Thickening of voeal cords 
Subglottic or tracheal stenosis 


Ears 
Otitis media 
Perceptive nearing loss 
Peripheral vestibular affection 


Kidneys, uremia 


Central nervc us system 29 6 
Eyes 24 2 12 
Proptosis 12 
Uveitis 18 


Keratitis, Conjunetivitis 


Joints, muscles 4] 2 12 
Skin 29 3 18 
Mouth, pharrnx 18 3 18 
Intestinal symptoms 24 0 0 
Cardiovascular symptoms 12 l 6 


of coughing, expectoration and periods of increased 
temperature. Pulmonary infiltrations were demon- 
strated in 71%. The infiltrations may be either 
well-defined or diffuse, solitary or multiple, 
unilateral or bilateral, sometimes with central 
cavitation. often fairly fleeting. Enlargement of 
hilar lymph nodes was demonstrated radiograph- 
ically in two patients. 


One patient, a woman, had no symptoms at the 
time of dicgnosis. She was referred to us because of 
a juxtahilar pulmonary infiltration revealed by a 
health examination. During the next few months, 
increasing symptoms developed in spite of cytotoxic 
therapy. 


In four patients, all women, the most conspicu- 
ous symptom was stridor caused by subglottic steno- 
sis, in one case extending down into the trachea. 
Two of these patients had a permanent tracheot- 
omy for a number of years; the other two had been 
subjected to tracheotomy for one and five months at 
the onset of the disease. 


TABLE 2. HISTOLOGICAL CHANGES IN ORGANS 
TYPICAL OF OR COMPATIBLE WITH DIAGNOSIS OF 
WEGENER’S GRANULOMATOSIS 


No. % 
Nose, paranasal sinuses 8 47 
Lungs 6 35 
Larynx, trachea 4 24 
Mediastinal lymph nodes 3 18 
Kidneys 6 35 
Eyes l 6 
Spleen 3 18 
Heart l 6 
Muscles l 6 
Skin 4 24 
Total 17 100 


Kidneys. Six patients (35%) had rena! affection 
with typical focal glomerulonephritis. Three of 
these patients were admitted in the terminal phase, 
and the diagnosis was established by autopsy. One 
patient had hematuria and albuminuria with slight- 
ly increased serum creatinine during the whole 
course, steeply increasing during the last year 
before death occurred, nearly six years after onset of 
disease. In one case, in which the disease began 
with facial palsy and otitis media, acute renal 
failure developed after a couple of months before 
the diagnosis was confirmed. A prompt effect of the 
treatment was obtained, and the renal function re- 
turned to normal. In another patient, a young man 
in whom the disease began with a full-cefined le- 
sion of the nasal septum, acute renal failure de- 
veloped after five months of treatment with cyto- 
toxic drugs. This patient has since been subjected to 
dialysis, but active disease is not present. 


Other Organ Systems. Migratory arthralgias 
were a frequent symptom. Only one patient had 
previously had typical polyarthritis. Involvement of 
the skin was present in five patients, including three 
with large ulcerations. Four patients had eye symp- 
toms; two of them had proptosis, one to such an ex- 
tent that the eye had to be removed. 


Occasional symptoms from the mouth and phar- 
ynx, gastrointestinal tract and the cardiovascular 
system have been recorded, although they were not 
essential features in the clinical picture. 


FINDINGS 


Laboratory. The most constant findings were 
markedly increased ESR. Before treatment only two 
patients had an ESR below 40 mm/hr, anc the aver- 
age was 88 mm/hr. As a rule, slight anemia and 
often slight leukocytosis were present. Tests for 
rheumatoid factors were occasionally slightly in- 
creased. Serum albumin was generally decreased, 
and the globulin fraction slightly increased. The 
results of the renal function tests are mentioned 
above. 
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Fig. 1. 


Wegener’s granulomatosis. Necrotizin 
granuloma surrounded by pale epitheloid cells. A norm 
artery is seen. Heavy mononuclear infiltration in the sur- 
rounding tissue (lung). 


Histological. The organs in which histological 
changes supported or confirmed the diagnosis are 
listed in Table 2. Although typical lesions with 
granuloma formation (Fig. 1), necrosis and vasculi- 
tis of the small arteries and veins (Fig. 2) were often 
demonstrated, we did not require a complete 
histological confirmation in order to establish the 
diagnosis, but were content, in some cases, wath less 
typical changes if only the clinical picture was typi- 
cal. In particular, on the basis of biopsy specimens 
from the nose and paranasal sinuses it is diffieult to 
make a definite histological diagnosis. 


Endoscopically, lesions of the bronchial mucosa 
were demonstrated in three patients and of the 
larynx and trachea in four patients. Involvement of 
the mediastinal lymph nodes were revealed by med- 
iastinoscopy in three patients. In three patients, 
percutaneous renal biopsies were performed, all be- 
ing positive. In the other three patients with histo- 
logically verified renal affection, the diagnosis was 
made at autopsy (Fig. 3). We did not perform renal 
biopsy when the urine analysis and creatinine 
clearance were normal. A positive skin biopsy was 
obtained in four patients, including two petients 
who had no clinical symptoms on the skin. 


ELK Classification. Table 3 shows the classifica- 
tion of the patients at the time of diagnosis. The 





F g. 2. Healed lesions of necrotizing arteritis. The arteri- 
al wall is hyalinized, and in the upper right part the wall 
fragment of the original internal elastic layer is seen. In the 
cer=rnew, small, intraluminar vascular channels are ob- 
served indicating revascularization (lung). 


classif{.cation does not consider the manifestations in 
other sgan systems, and thus the dissemination of 
the disease cannot be directly read. 


In feur cases, a progression to a higher step of the 
classiffation occurred during the course of the dis- 
ease. The disease progressed from E to EL in two 
cases, rem L to EL in one case, and from E to ELK 
in ano her case. 


TREATMENT 


Three patients were admitted in a very poor gen- 
eral stete, and the diagnosis was established only at 
autops”. These patients did not receive adequate 
treatment and are therefore not mentioned below. 


TABLE 3. ELK CLASSIFICATION AT THE TIME 





ene E oai a a 
ae a ee, a a 
E 3 18 
I 4 24 
EL 5 29 
ELK 5 29 


E - Eaz mose, throat; L - Larynx, trachea, lungs; K - Kidneys. 


234 ILLUM-THORLING 


Fig. 3. Necretizing arteritis and focal glomerulitis. A 
nearly normal g omerulus is seen in the lower right corner. 
At the top a glomerulus showing fibrinoid necrosis in most 
parts. Left of the center is an artery showing marked 
necrosis (kidney . 


The remaining 14 patients were treated with cy- 
totoxic drugs for immunosuppression. The duration 
of therapy varying from 5 to 138 months. Twelve 
patients were treated with 6-mercaptopurine. The 
initial dose was 100 to 150 mg daily; the mainte- 
nance dose 50 mg daily. During exacerbations, the 
dose was occasionally increased. 


Other cytotoxic drugs were used in some cases. 
One patient was treated with cyclophosphamide 
with good effect. Another patient was first treated 
with azathioprine, later with cyclophosphamide. In 
another department, one of our patients had the 
treatment changed from 6-mercaptopurine to 
methotrexate. 


Several patients had received steroid therapy be- 
fore the diagnesis was established. At the start of 
the cytotoxic therapy, nearly all patients were given 
a large dose of srednisone, which was later tapered 
off to a maintenance dose of 15 to 30 mg daily. Dur- 
ing exacerbations the steroid dose was increased for 
a short period. After 6 to 12 months, we usually 
tried to withdraw steroid therapy, but in many 
cases this was unsuccessful with symptoms reap- 





pearing. Five patients were given a small steroid 
dose only occasionally. 


Two patients had x-ray therapy. One patient re- 
sented medical treatment and personally stopped 
this in spite of the fact that active disease was pres- 
ent in the form of a large ulceration of the breast. 
After treatment of the lesion with electron irradia- 
tion, a total dose of 23.00 Gray (2300 rads), she 
failed to appear for check-up examination. In one 
patient progressive symptoms developed despite 
medical treatment, and x-ray therapy up to a cen- 
tral dose of 50.00 Gray (5000 rads) was given to an 
ulcerating tumor process in the carina region. There 
was good symptomatic effect of this treatment, but 
subsequently irradiation pneumonitis developed, 
and the period of observation is as yet tco short. 


Withdrawal of treatment has been accomplished 
in four patients and one patient stopped medical 
treatment on her own acconut. In a number of 
other patients we tried to discontinue the treat- 
ment, but did not succeed because of a flare-up of 
symptoms. 


Results of Treatment. The results ef treatment 
appear.in Table 4. Eight patients are in remission, 
and in three of these, all treatment has been discon- 
tinued. One patient has had several normal births 
since therapy was stopped seven years ago. Two pa- 
tients still show active disease; both reeeived radia- 
tion therapy a few months ago and are mentioned 
above. One patient died six months after therapy 
had been discontinued from an unrelated cause, 12 
years after diagnosis and 20 years after the ap- 
pearance of symptoms, and one died of hemateme- 
sis, possibly as a complication of steroid therapy; 
both were in remission. In one of the patients 
disease recurred three years after treatment had 
been stopped and he died one year later in spite of 
repeated adequate therapy. 


Side Effects. The side effects were usually few. 
Cytotoxic treatment was given under hematological 
control, and in none of the cases did complications 
due to bone marrow depression occur. Some pa- 
tients showed cushingoid features. One patient had 
pronounced halisteresis with a spontaneous com- 
pression fracture of the spine. One patient died of 


TABLE 4. CUMULATIVE FOLLOW-UP OF PATIENTS 
WITH WEGENER’S GRANULOMATOSIS 


No. of 
Penis _ 
Died before treatment 3 
Died in spite of treatment 2 
Died of complications of treatment l 
Died øf unrelated cause 1 
Alive, disease activity still present 2 
In remission, under treatment 5 
In remission, off treatment 3 
Total 17 
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hematemesis, possibly due to steroid-induced gas- 
tric ulcer. 


DISCUSSION 


The etiology of WG is still unknown, but owing 
to the clinical features and the histological changes 
the disease is assumed to be due to immuncalogical 
processes. The typical affection of the resp ratory 
tract with subsequent dissemination to other organ 
systems including glomerulonephritis has parallels 
in rheumatic fever and has given rise to the hypoth- 
esis that an immunologically active, bacterial, viral 
or chemical agent affects the organism through the 
respiratory tract. 


The differential-diagnostic considerations are 
multifarious and difficult. Biopsies from the respir- 
atory tract must be repeated when the histological 
response is negative. Sometimes a skin-muscle biop- 
sy may yield the diagnosis, also in cases with no 
cutaneous manifestations. On a tentative diagnosis 
made on the basis of a reasonably typical clinical 
picture, treatment should be instituted. 


Our results of treatment are similar to those pre- 
sented in other large-scale series published.''-” 
Although they are largely very satisfactory, the 
course of the disease is capricious, and like other 
authors® > we have in several cases observed progres- 
sion to a higher step in the ELK classificaticn dur- 
ing treatment. Several patients had sericus se- 
quelae. Two patients have had a permanent trache- 
otomy for years. In one patient dialysis became 
necessary. In two cases, severe hearing loss was en- 
countered, and in one case, one eye had to be re- 
moved because of proptosis, and considerable visual 
impairment was present in the other eye. 


It has not yet been clarified which cytotoxic agent 
should be preferred in the immunosuppressive ther- 
apy. It seems that good effect can be obtained both 


by 6-rercaptopurine and cyclophosphamide. The 
value = steroid therapy has been the subject of dis- 
cussiea in the literature. We have found that ster- 
oids a> a valuable supplement to the cytotoxic 
treatment, giving good symptomatic effect. 


The duration of medical treatment cannot be def- 
initely determined on the basis of available experi- 
ence. ®t present, it seems to be most reasonable to 
try tc s op treatment after one year if prompt effect 
has been obtained. In many patients, slower re- 
sponse 2nd occasional flare-up of individual symp- 
toms ve been observed. In such patients, the 
treatment must be individualized and often contin- 
ued fæ many years. In our experience, a valuable 
pararzter in the evaluation of the patients is the 
ESR, which reflects the activity of the disease fairly 
well. 


Th=~alue of radiation therapy in WG is limited. 
Only © completely isolated lesions might this kind 
of therepy be considered. Thus, results of radiation 
thera in WG type E have been reported* which 
were jst as good as those obtained after immuno- 
suppresive therapy. Also a few patients with L 
have been given radiation, and single cases of pul- 
monary cases have been treated with surgical exci- 


sion ékme.*:'4 


WG s a rare disease. However, there is no doubt 
that, daring recent years, the diagnosis has been 
establisaed more frequently and at an earlier phase 
of the tisease, giving better results of treatment. 
The retner uncharacteristic initial symptoms of the 
upper Bespiratory tract will often result in a con- 
sultatien of the ENT specialist. The first condition 
for obeaining the proper diagnosis is that WG is 
borne a mind when patients with a strikingly long 
course 3f apparently trivial infections or peculiar 
conste lations of symptoms from several organs are 
encour »ered. 
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AUDITORY BRAINSTEM AND MIDDLE LATENCY EVOKED 
RESPONSE SENSITIVITY NEAR THRESHOLD 


FRANK E. MUSIEK, PhD 


NATHAN A. GEURKINK, MD 


HANOVER, NEW HAMPSHIRE 


Auditory brainstem response (ABR) and middle latency evoked response (MLER) testing have been used successfully for assessing 
hearing sensitivity electrophysiologically. Though both procedures have their proponents, ABR seems to be the more popular of the two. 
However, this study shows that overall, MLER waves occur with greater frequency at low sensation levels than ABR waves. Specifically, 
MLER wave P, was the most sensitive wave, followed by ABR wave V, MLER wave P,, ABR wave III, MLER wave P., and ABR wave I. 
Latencies were more consistent and predictable for ABR than MLER. However, as expected, amplitudes for MLER waves were greater 
than those for ABR. Given these results, those involved in measuring hearing sensitivity electrophysiologically are encouraged to consider 
the potential of the MLER measure and not limit their scope of assessment to ABR. 


For the past several years, auditory brainstem 
response (ABR) has been shown to be a valuable 
tool for assessing electrophysiological thresholds to 
sound stimuli.** In reviewing the literature, one 
has to wonder if ABR with its sudden popularity has 
overshadowed an older procedure, middle latency 
evoked response (MLER). Certainly, there is evi- 
dence in the literature showing MLER to be a valid 
and reliable auditory electrophysiological pro- 
cedure.*5 


Recently reported experience would seem to in- 
dicate the MLER to be advantageous over ABR in 
regard to obtaining frequency-specific auditory in- 
formation.^® However, in employing clicks, a 
stimulus best suited for ABR, it is difficult to sur- 
mise whether ABR or MLER is better for measuring 
electrophysiologic responses close to threshold. To 
these investigator’ knowledge, no such com- 
parisons were found in a review of the literature. 


Therefore, the purpose of this study was to 
observe middle latency and brainstem responses at 
low sensation levels and make comparisons along 
several parameters. 


METHODS 


Subjects. Fifteen normal-hearing subjects (ie, pure tone 
thresholds at 15 dB HL or better for frequencies 250-8000 Hz) be- 
tween the ages of 19 and 32 volunteered for the study. This group 
was quite homogeneous with a mean pure tone average (PTA) of 
6.9 dB HL and the range of PTAs from 11.7 to 0 dB HL. All sub- 
jects reported a history free of otologic or neurologic disease or 
trauma. 


Procedures. Scalp electrodes were attached to the high 
forehead, the masteid of the ear being tested (reference) and the 
opposite mastoid (ground) of each subject. Impedance was main- 
tained below 3 kQ for all subjects tested. Each subject was seated 
in a lounge-type chair located in a sound-treated room. The sub- 
jects were instructed to relax and remain as motionless as possible 
and to keep their eves closed during the testing period. Responses 
were averaged, displayed, and measured on a Nicolet 1170. 


Special effort was made to equate MLER and ABR procedures. 
Only one ear, which was randomly selected, was tested per sub- 
ject. The stimulus was an alternating rarefaction-eondensation 
click generated by a 100 us rectangular electric wave delivered to 
a TDH-39 earphone. The clicks were presented at a rate of ap- 
proximately 10/s to the test ear. There were 2,048 trials for each 
sensation level (SL) beginning at 5 dB and proceeding to 10, 20, 
and 30 dB SL. There was a brief rest period after each SL was 
tested. ABR and MLER testing were alternately conducted first. 
Filter settings, using a Nicolet 501 A amplified filter, were 
150-3000 Hz at a 12 dB per octave roll-off for ABR, while MLER 
filtering was at 30-100 Hz with the same roll-off. 


Psychophysical thresholds were established for clicks for each of 
the subjects, using a modified Hughson- Westlake technique? with 
decrements and increments in 2 dB steps rather than in the con- 
ventional 10 and 5 dB steps. This allowed a correlation to an ac- 
tual hearing level on the subjects tested. 


RESULTS 


The electrophysiologic responses were deter- 
mined by the consistency to established criteria (see 
Appendix). For the facility of direct comparison, 
only three ABR positive waves (I, III, and V) and 
three middle latency positive waves (P., P,, P.) were 
analyzed. 


In observing the percentage of subjects with eith- 
er a readable brainstem or middle latency response 
for the various SLs tested, there appeared to be a 
marked difference in the occurrence of waves. Con- 
siderably more subjects yielded middle latency 
waves P, and P, along with brainstem weve V than 
brainstem waves I and III and middle latency wave 
P.. This was most evident at a low SL (5 dB) and 
this difference decreased as intensity increased (Fig. 
1). 

In analyzing the percentage of possible responses 
for each of the brainstem and middle latency waves 
for all SLs combined, wave P, had the highest oc- 
currence followed by wave V, wave P,, wave III, 
wave P., and wave I (Fig. 2A). When combining all 
middle latency and brainstem waves being anal- 
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Fig. 1. Percent of subjects with an ABR or MLER 
response. ABR - Auditory brainstem response; MLER - 
Middle latency evoked response. 


yzed for all SLs, MLER waves yielded a significant- 
ly higher percentage of responses than ABR waves* 
(Fig. 2B). 


ABR latencies decreased with increases of intensi- 
ty and were consistent and predictable (Fig. 3). 
Latencies for the middle waves were more variable 
and less predictable, especially wave P.. However, 
there was still a systematic effect for intemsity on 
latency for wave P, (Fig. 4). As expected, the inter- 
wave latencies for ABR, where they could be mea- 
sured, were not affected to any great extent by SL. 


As expected, amplitudes for the middle latency 
responses were larger than those for the brainstem 
responses (Figs. 5 and 6). Generally, there seemed 
to be a systematic intensity effect on amplitude for 
both measures. ABR wave V was approximately twice 
the amplitude of either wave I or III regardless of 
SL. Middle latency wave P, was consistently larger 
in amplitude across all SLs when compared to waves 
P, and P.. 
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Fig. 2. A) Percent of possible responses for ABR and 
MLER waves for all sensation levels combined. B) Percent 
of possible responses for ABR and MLER for all sensation 
levels and waves combined. 


*Statistical analysis was done employing a chi-square proeedure and 
differences were significant beyond the 0.001 level. 
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Fig. 3. Average latency of ABR waves. 


DISCUSSION 


Ba-ed on data obtained from this study, it ap- 
pears middle latency responses seem to occur more 
often than ABRs at low SLs. Although no direct 
ABR-MILER comparisons with regard to incidence 
of response have been previously reported, there is 
evideace of good threshold approximation for both. 


A number of investigators report or claim estima- 
tions of thresholds within 10 dB using the 
MLER,°*"°"* which is comparable to our findings. 
Sim:Early, the present study shows responses at 10 
dB S_ and below for auditory brainstem measure- 
ment which has also been shown by others.''!? It is 
imp xtant to note that the threshold of ABR wave V 
is a more dependable’? measure of auditory 
thresaold than the latency of wave V. Latency has 
been shown to be affected by the type of hearing 
loss snd can only occasionally be interpolated to 
provide some insight as to threshold." 


W en observing ABR wave components, wave V 
was ‘he most robust wave at low SLs, followed by 
wave III and wave I respectively. This information 
is geterally consistent with observations by other 
investigators, +7114 


In our data, at low SLs the most prominent mid- 
dle -tency positive wave was P, followed by P, and 
P.. This is in general agreement with other find- 
ings. *%!5 However, not all previous studies anal- 
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Fig. 4. Average latency of MLER waves. 


yzed each of the waves mentioned in the present 
study. 


Latencies. ABR latencies for waves I, III, and V 
at low SLs were-similar to those reported by Chiap- 
pa et al'® and otners.':? As expected, at low SLs in- 
terwave latencies (I-V, I-III, and II-V) closely ap- 
proximated those obtained by other investigators at 
higher intensities. *?: -+° 


The mean latencies for the middle responses P, 
and P, were also in fairly good agreement with 
other published data.>'%!° However, there is less 
agreement in terms of the latency of wave P.. This 
may be due to 1) differences in stimuli, as most 
studies reporting P, waves used tone pips;°° 2) only 
a few studies report latency findings for P., hence 
only a minimal number of comparisons could be 
made; and 3) this wave may be inherently more 
variable, as the subject’s psychological state, audi- 
tory nerve fiber diffuseness, etc, may be more of a 
factor than with the earlier waves. 


Also in our stady the occurrence of P. was very 
low and its latencies and amplitudes were highly 
variable. Hence, it is difficult to attach a great deal 
of meaning to our findings regarding P. in this par- 
ticular study. 


Amplitudes. The greater amplitudes for the mid- 
dle latencies appezred to be a chief factor in being 
able to read these waves more easily than the brain- 
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Fig. 5. Average amplitudes for ABR waves. 


stem waves. This difference is especially noticed at 
the extremely low SLs (Fig. 7). The larger ampli- 
tude for the middle latency waves is probably attri- 
butable to a greater number of nerve fibers being 
involved at a higher cortical level. 


Although amplitudes for ABR and MLER are 
highly variable, there is some general agreement 
with previous studies on both these measures.*? 


Implications of the Study. In comparing several 
major parameters, overall MLER waves occur with 
greater frequency than ABR waves at low SLs. In 
addition, the use of MLER appears clinically feasi- 
ble as the only necessary alterations from an ABR 
setup are those of the filter settings (30 to 100 Hz) 
and the time window (approximately 100 ms). Most 
averagers used in auditory brainstem testing can 
easily accommodate these minor changes. 
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This study indicates that for measurements near 
auditory threshold, MLER may be as good or better 
a procedure than ABR. However, this view must be 
tempered with some reservations. It must be re- 
membered that our population is one of adult, nor- 
mal ears. Definite statements regarding MLER vs 
ABR with respective threshold sensitivity must be 
withheld until data on hearing-impaired popula- 
tions are more comparable. Jerger and Mauldin”? 
have reported on estimating high frequency 
(1,000-4,000 Hz) thresholds for a hearing-impaired 
population for which a 15 dB standard error was 
found using ABR. McFarland et al'! using MLER 
also tested a hearing-impaired population. Though 
no standard error for threshold was reported, this 
study showed good responses at very low SLs. How- 
ever, these two studies were considerably different 
in the methodologies employed and direct compar- 
isons are impossible. 


The present study does indicate MLER to be a 
sensitive measure near threshold. This may be of 
most value in pediatric testing. For example, one 
may be testing slightly above a given child’s 
threshold and ABR may not yield any response 
while MLER may. Given our data on the frequency 
of subject responses for ABR and MLER, it would 
seem logical that if responses were not obtained by 
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the fcrmer procedure, the latter procedure should 
be trëd. This would seem to be a fruitful clinical 
strat=zy. It is in this manner that the use of MLER 
may te of most value. There is no question that fur- 
ther research on normals and the hearing-impaired 
must be conducted to determine whether ABR, 
MLE 3, or some combination of both may provide 
the most information about hearing thresholds. 


Anether consideration is that generally high repe- 
tition rates are more commonly employed with ABR 
than “LER. This infers a shorter test time for ABR, 
an im portant aspect of pediatric testing. However, 
this advantage may partially be offset by the fact 
that ALER often requires fewer trials to obtain a 
readable waveform. Hence, this is another argu- 
men: that can only be resolved by clinical studies 
with both procedures in a similar research para- 
digm 


Ir summation, it is important for those involved 
in ‘measuring auditory electrophysiological re- 
sporses at low SLs not to limit their procedures to 
ABE testing. Rather, the potential of other electro- 
physblogical measures such as MLER should be 
kept n mind. It is only by the use of these various 
measires Clinically and experimentally that the best 
procedure will be realized. 
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APPENDIX 


Time ranges used for judging middle latency and auditory brainstem responses: 


For ABR 
Wave I 


Wave III 


DW wpne 


Wave V (IV-V) 


cO 00 90 NI DORA a sak saat ae 
bo bod wwo wun 
AAAA CAAO AAAG 


wone co 00 


For MLER 
Wave P, 27.5-33.0 @ 30 dB SL 
28.0-34.5 @ 20 dB SL 
28.2-36.0 @ 10 dB SL 
29.8-36.5 @ 5 dB SL 
Wave P, 50.0-62.0 @ 30 dB SL 
50.9-63.0 @ 20 dB SL 
54.0-65.0 @ 10 dB SL 
55.0-68.8 @ 5 dB SL 
Wave P. 75.0-92.0 @ 30 dB SL 
76.9-93.0 @ 20 dB SL 
76.0-94.0 @ 10 dB SL 
77.0-95.0 @ 5 dB SL 


The ranges shown enhanced accuracy in detecting responses. Each wave analyzed occurred within the appropriate time period desig- 
nated, or it was not counted as a response. At low intensities this procedure would reduce the number of false positive interpretations due to 


artifact. 


An additional criterion was that the wave configuration and interwave relationship were consistent with waveform shape, amplitude, 
and latency for higher intensities. For waveforms that were difficult to read, a replication trial was carried out. If there waswood replica- 


tion of peaks and troughs, the response was counted. 


Statistical analysis was done employing a chi-square procedure and differences were significant beyond the 0.001 level. 
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COMPENSATORY EYE MOVEMENT AND GAZE FIXATION DURING 
ACTIVE HEAD ROTATION IN PATIENTS WITH LABYRINTHINE 
DISORDERS 


MASAHIRO TAKAHASEL, MD 
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Compensatory eye movement and gaze fixation during active head rotatie: were studied in patients with unilateral and bilateral loss 
of vestibular function. Patients with bilateral lesions were asked to perform mental arithmetic tasks in the dark. Although compensatory 
eye movements of these patients corresponded to 38-46 % of compensatory meements in normal subjects, the ability of patients with le- 
sions to visually fix on a stationary target was markedty impaired. Visual fiz_tion on moving targets attached to the head (head-fixed 
targets) was also measured and found to be good. For patients with unilateral lesions, in the early stages of the disease, findings during 
rotations to the intact side resembled those for normal subjects, while results ø` rotations to the affected side resembled those for patients 


with bilateral lesions. 


To investigate vestibulo-ocular reflexes and 
visual-vestibular interactions during actiwe head 
rotation, we devised a new test in which subjects 
perform voluntary sinusoidal head rotations in time 
to an electric metronome. Our findings on normal 
subjects have been reported.' In the present study 
we used the same method to examine patients with 
unilateral or bilateral loss of labyrinthine function, 
and compared these findings with those on normal 
subjects to investigate the effects of labyrinthine 
disorders on compensatory eye movement and visu- 
al fixation during active head rotation. 


METHODS AND MATERIALS 


We used the same apparatus and methods in the present study 
as in the tests on normal subjects.’ Horizontal head rotation was 
recorded by a head rotation detector, which functioned as a ter- 
restial magnetic sensor, placed on the head.? Eye movements 
were recorded by DC electro-oculography through bitemporal 
leads. They were electrically added to the head movements in or- 
der to ascertain gaze movements in space. We asked the subjects 
to turn their heads alternately and smoothly to the right and left 
at an amplitude of 40° at three different speeds, ie, at the rates of 
1, 2 and 3 cycles (0.33, 0.67, 1.0 Hz) of head rotation during a 
3-second period, in time to an electric metronome. For gaze fixa- 
tion, the target was either a small red lamp mounted on the wall, 
or a small red lamp fixed to the tip of a 30 cm rod attached to the 
head. 


We observed eye, head and gaze movements under the fellow- 
ing visual conditions: 1) mental arithmetic in the dark — eyes 
open (alert-in-dark); 2) visual fixation on a lamp on the wall 
(spatially fixed target); and 3) visual fixation on a lamp fixed to 
the head (head-fixed target). During the tests the room was com- 
pletely dark. Eye movements were calibrated after the subjects 
had adapted to the dark by being in the dark room for ät least ten 
minutes and whenever the test conditions were changed. Head 
rotation and eye speed were ascertained by measuring the max- 
imum tangent angles of the recorded waves in which the frequen- 
cy and amplitude of the head rotation were most stabie. 


The present study was comprised of patients with unilateral 
and bilateral loss of labyrinthine function (unilateral and 


biliatezal lesions). They showed no response to ice water irriga- 
tion ef the involved ear and had no CNS disorders. Of the five 
cases with unilateral lesions, three were male patients with 
vestibular neuronitis (aged 53, 58 and 33) who were examined on 
the 11%, 13th and 30th day after onset, respectively; one was a 
27-year-old male patient with Ramsay-Hunt syndrome who was 
exam med on the 14th day after onset, and one was a 27-year-old 
male patient who had sustained a temporal bone fracture one 
mont+ earlier. The mean age of these 5 patients was 39.6 years; 
the mean interval between the time of onset and the examination 
was IC8 days. Of the five cases with bilateral lesions, one was a 
34-year-old female patient with bilateral vestibular neuronitis 
who xas examined on the 21st day after onset; one was a 48-year- 
old female patient with acute bilateral vestibular dysfunction of 
unkne#vn origin accompanied by moderate sensory hearing loss, 
who sas examined on the 28th day; one was a 35-year-old male 
patiea with chronic renal failure receiving dialysis therapy who 
became ataxic three months prior to the examination; one was a 
32-yea--old male patient who became ataxic five months prior to 
the ezzmination during treatment for meningitis with large doses 
of ammoglycoside antibiotics, and one was a 39-year-old female 
patie with aortitis who had suffered from progressive bilateral 
deafmess and equilibrium disturbance over a 6-year period. The 
mear _ge of these five patients was 37.6 years. As controls, results 
obtaized on 20 individuals with normal vestibular function (mean 
age, 2° .5 years) were used. 


RESULTS 


Mental Arithmetic in the Dark (Alert-in-Dark). 
Although head rotations induced nystagmus in the 
same-direction in normal subjects, gaze position, ie, 
the sammation of eye and head positions, was al- 
most stationary in space except during the quick 
phases of nystagmus. In patients with unilateral le- 
sions. nystagmus was also induced in the direction 
of bead rotation; however, their slow-phase eye 
speec was lower during head rotation to the af- 
fected side than to the intact side. Therefore, while 
gaze recordings during head rotation to the intact 
side howed a stepwise or stair-like configuration 
similar to normal subjects, they became distorted 
durir g rotations to the affected side (Fig. 1, top, ar- 
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Fig. 1. Recordings under alert-in-dark conditions in a 
atient with a unilateral (right) lesion and a patient with 
ilateral lesions. From top to bottom are shown eye move- 

ments (E). head movements (H), and gaze movements (G). 
Upward displacements indicate movements toward the 
right. Arrows - See text. 


rows). Gaze deviation upon rotation to the affected 
side resulted frəm insufficient compensatory eye 
movements. Gaze deviation to the affected side be- 
came more marked with an increase in the turning 
speed. While compensatory eye movements were 
noted even in patients with bilateral lesions, the 
gaze recordings were remarkably distorted since the 
compensatory eye movements were very weak bilat- 
erally (Fig. 1, bettom). 


The ratio of the maximum eye speed to the corre- 
sponding head rotation speed (gain), except at the 
time of saccades, in three subject groups is shown in 
Table 1 and Figure 2. Variance analysis was ap- 
plied to ascertain gain differences among normal 
subjects, patients with unilateral lesions during 
rotations to the intact and the affected sides, and 
patients with bilateral lesions. The gain of patients 
with unilateral lesions during rotations to the intact 
side (0.74-0.86 average) did not differ significantly 
from that of normal subjects at any head-turning 
frequency (P>0.05). The gain in this patient group 


TABLE 1. GAIN* UNDER ALERT-IN-DARK CONDITIONS 


MEAN AND SD 
Subjects 0.33 Hz 0.67 Hz 1.0 Hz 


Controls 0.80+0.10 0.82+0.13 0.79+0.12 
Unilateral lesions 
Rotation to intact 


side 0.86+0.09 0.7420.12 0.75+0.16 


Rotation to 
affected side 0.4640.14 0.3740.13 0.26+0.10 
Bilateral lesions 0.3740.11 0.384+0.15 0.29+0.18 


*Ratio of maximum eye speed to head rotation speed. 


GAIN 


0.6 





0.33 0.67 1.0 
FREQUENCY Hz 


Fig. 2. The ratio (mean and SD) of maximumeye speed 
to head speed (gain) under alert-in-dark conditions in con- 
trols (n = 20, í i in patients with unilateral lesiens (n = 5) 
during rotations to the intact side (@) and to the affected 
side (A), and in patients with bilateral lesions (n=5, A). 


during rotations to the affected side (0.26-0.46 av- 
erage) obviously differed from that during rotation 
to the intact side (P<0.01); it was very close to the 
value of patients with bilateral lesions (0.29-0.38 
average). We could not find any statistically signifi- 
cant difference between the gains of these two pa- 
tient groups (P>0.05). Although patients with bi- 
lateral lesions lacked vestibulo-ocular reflexes, they 
manifested compensatory eye movements which 
were 34-46% as large as those observed in normal 
subjects. 


Visual Fixation on a Lamp on the Wall (Spatially 
Fixed Target). During head rotation, the eyes of 
normal subjects moved in a direction opposite to 
head movement and the gaze was fixed in space, 
even at 1.0 Hz. At 0.33 Hz, patients with unilateral 
lesions also showed spatial gaze fixation. However, 
fluctuations in the gaze recordings appeared and 
became larger as the frequency of the head rotation 
increased (Fig. 3, top) and saccades made up for 
insufficient compensatory eye movements during 
head rotations to the affected side (Fig. 3. top, ar- 
rows). In patients with bilateral lesions, the gaze 
deviated bilaterally in the direction of head rota- 
tion; therefore, the gaze recordings fluctuated more 
markedly than in patients with unilateral lesions 
(Fig. 3, bottom). 


The gain in normal subjects was accurately main- 
tained at unity (Table 2). On the average, it was 
also close to unity at head rotation to the intact side 
in patients with unilateral lesions, and showed no 
significant difference from the contrel values 
(P>0.05, Fig. 4). Although when measured during 
head rotations (0.33 Hz) to the affected side, the 
gain was maintained relatively close to unity (0.88 
average), it decreased proportionally to the increase 
in frequency (r= — 0.69). Of the group with uni- 
lateral lesions, a patient with vestibular neuronitis, 
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Fig. 3. Recordings with spatially fixed target in a patient 
with a unilateral (right) lesion and a patient with bilateral 
lesions. Upward displacements indicate movements to- 
ward the right. Arrows - See text. 


examined on the 13th day after onset, showed the 
lowest gain during rotation to the affected side (Fig. 
5, solid circles). His gain during rotations to the in- 
tact side and to the affected side, respectively, was 
0.90 and 0.77 at 0.33 Hz, 1.00 and 0.46 at 0.67 Hz, 
and 1.03 and 0.33 at 1.0 Hz. Evidently, as shown in 
this case, visual fixation in unilateral lesion cases 
was well maintained during rotations to tle intact 
side, even in patients who showed remarkable gaze 
fixation disturbance during rotations to the affected 
side. These findings confirmed the subjective sensa- 
tion of patients with unilateral lesions that visual 
objects in the surrounding area become blurred 
only during head rotations toward the affected side. 


While the gain of patients with bilatera_ lesions 
did not significantly differ from patients with uni- 
lateral lesions during rotations to the affeeted side 
(P>0.05), the mean value of the former exceeded 
that of the latter. In patients with bilateral lesions, 
there was a high correlation between the gain and 
the frequency of head rotation (r= —0.66 Of the 
group with bilateral lesions, the patient with acute 
bilateral vestibular dysfunction of unknow? origin, 
examined on the 28th day after onset, showed the 


TABLE 2. GAIN WITH SPATIALLY FIXED TARGET 
(MEAN AND SD) 


Subjects 0.33 Hz 0.67 Hz 1.0 Hz 
Controls 0.99+0.03 0.99+0.02 1@0+0.05 
Unilateral lesions 
Rotation to intact 
side 1.01+40.09 1.0240.07 1#4+0.07 
Rotation to 
affected side 


Bilateral lesions 


0.88+0.10 0.7140.17 05340.16 
0.9440.09 0.8140.12 065+0.17 
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7g, 4. Gain (mean and SD) with spatially fixed target 
ir =ontrols (O), in patients with unilateral lesions during 
ret=ions to the intact side ( @ ) and to the affected side (A), 
anfin patients with bilateral lesions (A). 


lowe value of the gain (Fig. 5, open circles). Her 
gair was 0.79, 0.59 and 0.39 at 0.33, 0.67 and 1.0 
Hz, respectively. 


Vial Fixation on a Lamp Fixed to the Head 
(Heaz-Fixed Target). Since the vestibulo-ocular 
refle= disturbs fixation under this test condition, 
norm zl subjects showed incomplete visual fixation. 
Althkeagh fixation remained fairly good at 0.33 Hz 
in tai. group, it worsened as the frequency of the 
head -otation increased and eye movement record- 
ings snowed a combination of compensatory eye 
movements and corrective saccades, ie, nystagmus 
in the direction of the head rotation. In patients 
with unilateral lesions, visual fixation during head 
rotatons to the intact side was impaired by nystag- 
mus `a the direction of head rotation (Fig. 6, top, 
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Gig. 5. Gain in a patient with bilateral lesions (O, A) 
arx a patient with a unilateral lesion during rotations to 
ta= affected side (@, A). These two patients manifested 
ta=-worst fixation on a spatially fixed target (circles) and 
tae-best fixation on a head-fixed target (triangles) in each 


group of patients. 
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Fig. 6. Recordings with head-fixed target in a patient 
with a unilateral (right) lesion and a patient with bilateral 
lesions. Upward displacements indicate movements to- 
ward the right. Arrows - See text. 


downward arrow); however, fixation was relatively 
good during head rotations to the affected side 
because nystagmus was very weak (Fig. 6, top, up- 
ward arrow). The difference in the visual fixation 
ability between head rotations toward different 
directions became larger as the turning frequency 
increased. In patients with bilateral lesions, 
nystagmus was rarely induced and visual fixation 
was well maintained even at 1.0 Hz (Fig. 6, bot- 
tom). 


As shown in Table 3, there was a high correlation 
between the gain and the frequency of head rota- 
tion in both normal subjects and patients with uni- 
lateral lesicns during rotations to the intact side 
(r=0.65 and 0.77, respectively, Fig. 7); no signif- 
icant difference was found at any frequency be- 
tween these two groups (P>0.05). On the other 
hand, patients with bilateral lesions and patients 
with unilateral lesions during rotations to the af- 
fected side showed low values of gain even at high 
frequencies; the values did not differ significantly in 
these two groups (P>0.05). The patient with 
bilateral lesions who could best fix on the head- 
fixed target showed the worst visual fixation on the 


TABLE 3. GAIN WITH HEAD-FIXED TARGET 


MEAN AND SD 
Subjects 0.33 Hz 0.67 Hz 1.0 Hz 


Controls 0.2240.12 0.3340.14 0.5440.17 
Unilateral lesions 
Rotation to intact 


side 0.18+0.09 0.3540.07 0.56+0.17 


Rotation to 
0.09+0.03 0.1140.05 0.17+0.05 


affected side 
Bilateral lesions 0.07+0.05 0.1440.06 0.1740.07 





0.33 0.67 1.0 
FREQUENCY Hz 


Fig. 7. Gain (mean and SD) with head-fixed target in 
controls (O), in patients with unilateral lesions during ro- 
tations to the intact side (@) and to the affected side (A), 
and in patients with bilateral lesions (A). 


spatially fixed target (Fig. 5, open triangles). 
Similarly, among the cases with unilateral lesions, 
the patient who showed the best fixation on a head- 
fixed target during rotations to the affected side 
proved to have the poorest ability to fix on the 
spatially fixed target (Fig. 5, solid triangles). 
However, in this patient, fixation on the head-fixed 
target during rotations to the intact side was very 
poor (0.17, 0.35 and 0.45 at 0.33, 0.67 and 1.0 Hz, 
respectively). 


DISCUSSION 


Visual fixation disturbances due to a loss of 
vestibular function during active head rotations 
have been reported in bilaterally labyrinthecto- 
mized monkeys and in patients with bilateral loss of 
vestibular function.*-’? Dichgans et al*5 showed that 
the severely impaired ability of visual fixation in 
bilaterally labyrinthectomized monkeys was recov- 
ered by means of three different mechanisms: an in- 
crease of gain in the cervico-ocular reflex, centrally- 
programmed compensatory eye movements, and a 
recalibration of the saccade. Similar compensatory 
mechanisms may occur in humans.’ These findings 
were obtained under experimental conditions in 
which compensatory eye movements aided visual 
fixation. In the present study, to clarify the effects 
of a decrease in compensatory eye movements due 
to loss of vestibular function on the ability of visual 
fixation, we examined the functions of gaze fixation 
not only under conditions in which compensatory 
eye movements aided gaze fixation, but also under 
conditions in which they did not. 


Compensatory eye movements during the alert- 
in-dark condition varied even among normal sub- 
jects and showed poor reproducibility in the same 
subject." In this condition, however, we can 
estimate the magnitude of compensatory eye move- 
ments not affected by gaze fixation. The gain dur- 
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ing the alert-in-dark condition in patients with 
bilateral lesions, which ranged from 0.2 to 0.58 at 
0.67 Hz, was less than that reported by Kasai and 
Zee’ (0.5-0.96 at 0.5 Hz over an amplitude of 
40-50°). Since we were unable to find a patient 
with bilateral lesions who did not show any com- 
pensatory eye movements, compensatory eye move- 
ments in patients with bilateral loss of vestibular 
function may be produced by mechanisms other 
than the vestibulo-ocular reflex, eg, those found in 
labyrinthectomized monkeys.* Patients with uni- 
lateral lesions showed not merely a directional pre- 
ponderance,® but a decrease of the nystagmic re- 
sponse confined to rotations in the direction of the 
affected side. In these patients, the gains showed 
quite different values for rotations to the intact side 
and to the affected side; the former resembled the 
values of normal subjects and the latter were similar 
to those of patients with bilateral lesions. The pa- 
tients with unilateral lesions examined in the pres- 
ent study belonged in the postacute, but still early 
stage of the disease. Thus, it might be said that in 
this stage, the vestibulo-ocular reflex from the in- 
tact labyrinth scarcely affects the compensatory eye 
movements during rotations to the affected side. 


The findings obtained under spatially fixed target 
conditions were highly characteristic. While fixa- 
tion was well maintained, even at 1 Hz, in normal 
subjects and patients with unilateral lesions during 


rotaiens to the intact side, it worsened in direct 
proportion to an increase in the turning frequency 
among patients with bilateral lesions and in those 
with anilateral lesions during rotations to the af- 
fected side. On the other hand, while in normal 
subjects and patients with unilateral lesions during 
rotatiens to the intact side, visual fixation under the 
head- ixed target condition became impaired as the 
turning frequency increased, it remained good even 
at 1 Hz among patients with bilateral lesions and 
those with unilateral lesions during rotations to the 
affected side. These results indicate that the ability 
of visaal fixation in patients with bilateral lesions 
was Quite opposite that in normal subjects under 
these :wo test conditions, and that visual fixation 
distur>ances in the early stage of unilateral lesions 
were :onfined to rotations to the affected side, re- 
sembl ng the disturbance noted in patients with bi- 
latera lesions. 


The present study clearly demonstrated disturb- 
ances in gaze stabilization which resulted from in- 
suff:cænt compensatory eye movements due to uni- 
later and bilateral loss of vestibular function un- 
der rearly natural circumstances of free head rota- 
tions. Therefore, our tests may be applicable in 
clinical situations to determine the ataxic states of 
the oculomotor system induced by labyrinthine dis- 
eases and other related abnormalities. 
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IN VITRO CULTIVATION OF THE FETAL GUINEA PIG INNER EAR 


GUSTAVE L. DAVIS, MD MARY M. HAWRISIAK, ScM 


St. Louis, MISSOURI 


Fetal guinea pig inner ears, gestational age from 21 to 54 days, were cultivated in vitro and then observed with light and electron mi- 
croscopes. Early 21-day gestation otocysts developed cartilaginous capsules from differentiating mesenchyme and discrete qeurosensory 
structures from endolabyrinthine epithelium. Coiling of the cochlea occurred. Older, differentiated inner ears showed progressive increase 
in size and development of the labyrinth. The 26-day gestation cochlea, maintained for 12 days in vitro, doubled in size with development 
comparable to the 37-day gestation in vivo control. The large size of the guinea pig inner ear resulted in varying degrees of necrosis. 
However, the well-def:ned growth and development of the guinea pig fetal inner ear in vitro indicates the efficacy of the technique and 
suggests that similar success would be forthcoming with other animals used in audiologic research, such as chinchilla and hamster. 


INTRODUCTION data.'' At 21 days gestation, prior to the formation of the external 

ear, the otocyst, transilluminated from below, was visible with 

During the past decade, Van de Water and Rub- the dissecting microscope (Fig. 1). The fetal skin was removed 
en successfully developed an organ culture system with sharp forceps and the otocyst excised with a thia rim of sur- 
for the in vitro evaluation of the growth and devel- rounding mesenchyme (Fig. 2). By the 25th day of gestation, the 


external ear was visible and the inner ear was surrounded by a dis- 


m 1,2 > QV è e 
opment of the mouse fetal inner ear.'? There have tinct cartilaginous capsule. These and older fetuses were therefore 


been few other successful efforts at this venture. decapitated, the heads hemisected in the midsagittal plane, the 
Friedmann’* and his associates more recently re- 
ported successful maintenance of 12-day gestational Pa 


mouse otocyst in culture for 14 days.* Sobkowicz et 
al® studied the neural pathways of postpartum 
mouse organ of Corti in culture and Yamashita and 
Vosteen’ have studied outgrowths of cells from ex- 
planted guinea pig inner ears. Recently, Anniko 
and Wersa\l* reported that “considerable difficul- 
ties occurred when explanting the guinea pig ears 
already on the 30th gestational day and following it 
in vitro thereafter.” 


We report herein our successful application of 
Van de Water and Ruben’s organ culture technique! 
to the in vitro growth and development of the fetal 
guinea pig inner ear. 


METHODS 


Experimental Animais. A breeding colony of Hartley strain 
albino guinea pigs was established from a breeding pair obtained 
from Elm Hill Breeding Labs, Chelmsford, Massachusetts. Timed 
pregnancy was established by pairing a male guinea pig with the 
pregnant sow at the estimated date of delivery, since the guinea 
pig ovulates within 24 hours of parturition.’ Expelled vaginal 
plug confirmed that copulation had taken place, and the presence 
of fetuses was confirmed by weekly palpation of the pregnant 
sow.'° 


At various times during gestation, pregnant sows were anesthe- 





tized with chloroform and, using sterile procedures, the pregnant E | 

uterus was removed and placed in prewarmed (37 C) Hanks’ bal- 

anced salt solution. The embryo/fetuses were removed and Fig. 1. Otocyst of the 21-day gestation guinea pig trans- 
crown-rump length was measured; good correlation was achieved illuminated in situ is roughly spherical with a sal en- 
with estimated gestational age using Draper’s morphometric dolymphatic duct outpouch (arrowhead). 
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brain -emoved and the cartilaginous inner ear removed intact. 
Otocyst and cartilaginous inner ears were separately placed in 
the foileving organ culture system both intact, and as dorsal 
(vestib r) and ventral (cochlear) portions.'? 


Orgaa-Culture. The method of Van de Water and Ruben was 
used wil little modification.’ Excised inner ears, trimmed of the 
surrouneEng connective tissue and nerve root, were placed in the 
centra. »ell of a Falcon 3010 organ culture dish with 0.15 ml of 
Newmam and Tytell’s serumless medium supplemented with 10% 
fetal caf serum, 1% |-glutamine with and without antibiotics. 
When utlized, the antibiotics were penicillin (200 units/ml) and 
strepteraecin (100 pg/ml). Sterile distilled water was added to the 
bibulo.e daper of the outer ring of the organ culture dish to main- 
tain hurzdity and the dishes were sealed with petroleum jelly and 
incubated at 34.5 C. The medium was changed every two days. 
The cuE ares were observed daily and photographed as desired. 


Micr-zcopy. The cultured ears were fixed in 2% glutaralde- 
hyde, wzshed in 0.1 M phosphate buffer, postfixed in 1% osmium 
tetroxic and then dehydrated and embedded in Araldite®. Serial 
thick secions of the ears, cut in a horizontal plane with glass 
knives & an ultramicrotome, were stained with toluidine blue 
and oœeærved with a light microscope. When appropriate, the 
next tx section was cut with a diamond knife, mounted on 
Formvz®-coated, slotted copper grids, stained with lead citrate 
and urz#yl acetate and examined with a Phillips 201C electron 


microsce. 
The »orphology of the 26-day gestation inner ear cultured in 


vitro fer 12 days was compared to noncultured controls of com- 
parabe m vivo age (26 and 37 days gestation) .'° 





Fig. 2. Excised 21-day gestation otocyst, trimmed of 
much surrounding mesenchyme, shows veh (CD). The 


duct (ED) and ventral cochlear duct outpouch (CD). The 
statoacoustic ganglion (SA) is present in the adjacent RESULTS 
mesenchyme which is differentiating into cartilage 


(arrow). (x100) A se-ies of explanted inner ears from 21 through 


54 da~ gestation was studied. The inner ears were 





3 4 TE. 


Fig. 3. Progressive coiling of the cochlear duct iy ey (arrowheac) of the explanted ventral hemiotocyst from day 0 
through day 3; necrosis of the explant is apparent by day 4. 
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Fig. 4. Preimptantation 26-day gestation inner ear has a 
well-differentiatec cartilaginous capsule enclosing 
cochlear duct (C€), spiral ganglions (arrowheads), and 
semicircular canals (S) in perilabyrinthine connective 
tissue. (x40) 


maintained in vitro for various times up to 14 days. 
In virtually every experiment, gross enlargement to 
twice initial size occurred by eight days in vitro. 
Concomitant with the increase in growth was pro- 
gressive development of cartilaginous and mem- 
branous labyrinth. However, various degrees of de- 
generation and necrosis of mesenchyme (fibro- 
blasts, nerves and ganglia) and ultimately mem- 
branous labyrinth occurred. Cartilage rarely un- 
derwent necrosis. The degenerative changes pro- 
gressed with the size of the ear and distance of 
tissues from the periphery, indicating a lack of dif- 
fusion of metabolites. 


Nevertheless, distinct and rapid growth and dif- 
ferentiation of inner ear structures took place 
through 12 days in vitro. These changes were better 
appreciated and -acking necrosis in inner ears 
which had been divided into the ventral (cochlear) 
and dorsal (vestibular) portions, thus decreasing 
volume of tissues tc be perfused. Though vestibular 
growth and differentiation did occur parallel to 
that of the cochlea, this report will concentrate on 
the latter. 


The 21-day gestation otocyst, observed by transil- 
lumination of the fetus in situ, is round to oval with 
a dorsal nipple, the endolymphatic duct and sac 
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Fig. 5. Cochlear duct (CD) in Fig. 4 shows little dif- 
ferentiation. The thicker, ventromedian portion, adjacent 
to the spiral ganglion (SG) will develop into the organ of 
Corti. (x250) 


anlage (Fig. 1). The otocyst is situated dorsally 
above the developing forelimb bud and immediate- 
ly beneath the yet unfused neural canal. Histologic 
sections of the 21-day gestation otocyst prior to ex- 
plantation (Fig. 2) show ventral cochlear bud and 
vestibular projections. The endolymphatic duct 
projects dorsally. The surrounding mesenchyme is 
condensed and differentiating into cartilage. The 
statoacoustic ganglion is anterodorsal and partially 
incorporated into the developing cartilaginous cap- 
sule. The cyst is lined by stratified columnar laby- 
rinthine epithelium with little further differentia- 
tion. 


Comparable 21-day otocysts from fetuses in the 
same litter as the above control were explanted in 
culture and observed for five days. The otocysts 
were divided into ventral cochlear and dorsal ves- 
tibular portions. Figure 3 shows the progressive 
growth and development of these “hemiotocysts’™ 
over a five-day period in vitro. Cochlear develop- 
ment is apparent with increase in size and coiling of 
the cochlear bud (arrow). In this experiment, how- 
ever, the tissues underwent rapid degeneration by 
the fourth day in vitro. Similar development of the 
semicircular canals takes place, but degeneration is 
also apparent grossly by day 3. 


Better results were obtained with olcer inner 
ears. Twenty-six to 27-day gestation ears, incubated 
in vitro for up to 12 days, showed the most develop- 
ment, paralleling normal in vivo development over 
the same period of time." Older ears, 38 and 54-day 
gestation, were also maintained in vitro, but showed 
little progressive development. 


The 26-day gestation otocyst contains a distinct 
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SV 





Fig. 6. Compared to the preexplantation ear (Fig. 4), 
the 26-day gestation cochlear portion has doubled in size 
following explantation for 12 days. The cartilaginous cap- 
sule is well differentiated and the cochlear duct (CD) top- 
ography is mature with separation from the scala vestibuli 
(SV) and scala tympani (ST). (x40) 


cartilaginous capsule enclosing membrancus laby- 
rinth, nerves and connective tissue. Figure 4 shows 
basal 1'4 cochlear turns about the modiolus lacking 
bone or cartilage but containing cochlear nerve and 
spiral ganglia. A cross section of the cochlear duct 
(Fig. 5) shows a semblance of differentiation with 
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*g. 8. Cochlear duct (CD) from a 37-day gestation 
g ERea pig compared with that of 26-day gestation control 
(Fix. 5) and that explanted for 12 days (total 38 days) (Fig. 
7) Reissner’s membrane inal is not as completely 
d==~loped as it is in the explant. However, spiral limbus 
ax? organ of Corti (arrowheads) development is more ad- 
vaaeed. Though capillaries are present in the perilabyrin- 
tha= connective tissue (arrow), none yet enter the stria 
vas@ularis (SV). (x250) 


relat ~ely thick basal epithelium medially in rela- 
tion ®© the spiral ganglion and thinner epithelial 
surface laterally in the region of future stria vas- 
cule=s development. The degree of growth and de- 
velcp nent of the ventral portion of the 26-day ges- 
tatix otocyst after 12 days in vitro is readily seen in 
Figx= 6. The cochlear portion has increased 
rouzdy two times in size. The cartilage is quite 
distiact from the surrounding mesenchyme. The 
coch sar duct (Fig. 7) is triangular in cross section 
wit+ well-developed scala vestibuli and scala tym- 
pani Reissner’s membrane is composed of a single 
epitl lial layer on the scala media side and a single 
laye: of mesenchymal cells on the scala vestibuli 
side. separated by basement membrane. The basal 


n 


Fig. 7. Magnification of 
cochlear duct (CD) seen in Fig. 
6 has a mature Reissner’s mem- 
brane (RM) formed of single 
epithelial and mesenchymal 
layers, separated by a base- 
ment membrane. The lateral 
hump of the cochlear duct (ar- 
rowheads) represents the dif- 


ferentiating organ of Corti. 
(x250) 
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portion of the cochlear duct has a differentiated 
lateral hump, the site of the organ of Corti. The 
cochlear duct is surrounded by a basement mem- 
brane which is, however, incomplete about the stria 
vascularis, from the spiral ligament to the insertion 
of Reissner’s membrane. Neurons are also present 
immediately adjacent to the basement membrane of 
the putative organ of Corti, but there is no pene- 
tration of the basement membrane by nerve growth 
cones. 


The organ of Corti of the explant is less well de- 
veloped than that of the 37-day gestation in vivo 
control (Fig. 8). Hair cells with stereo cilia are 
already present in the latter; no sensory hairs are 
observed in the explanted otocyst.'? 


DISCUSSION 


The 26-day gestation guinea pig inner ear can 
grow in vitro for at least up to 12 days with develop- 
ment comparable to that normally occurring in vivo 
(to 37 days). Our results, similar to those of Van de 
Water and Ruben.' Van de Water,’ and Anniko 
and Wersall® in mice, indicate that such success 
might be achieved with still other mammalian sys- 
tems. The technique is simple and does not require 
an elaborate support system. Nevertheless, we en- 


countered difficulties maintaining sterility and 
found it desirable to use antibiotics in the medium. 
The presence of penicillin and streptomycin, even 
in low doses, must be weighed against any ototoxic 
effects. As the inner ear grows in vitro, inspite of 
obvious differentiation, there is concomitant cen- 
tral tissue necrosis. Smaller portions of the divided 
inner ear permit diffusion of metabolites and result 
in less necrosis than the intact ear. The large tissue 
fragments may account for Anniko and Wersall’s® 
lack of success in maintaining guinea pig otocysts 
beyond 30 days of gestation. 


In vitro organ culture of avian and mammalian 
inner ears have already proven useful in the study of 
drugs,'*:'® physical’? and chemical'*® agents on mes- 
enchymal-epithelial interactions, genetic predispo- 
sition to congenital deafness,'? and viral infec- 
tion?™?' on inner ear development. For those indi- 
viduals committed to guinea pig audiologic re- 
search, the in vitro system is efficacious for studies 
of mammalian ear development. But the long gesta- 
tion period of guinea pigs (9-10 weeks vs 3 weeks for 
mice), relatively small litter size (an average of four 
fetuses for guinea pigs and eight for mice), and the 
relatively slower in vivo and in vitro differentiation 
per unit time for guinea pigs recommend the use of 
fetal mice as the experimental animal. 
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ALTERNARIA SINUSITIS 


MARTIN A. SHUGAR, MD 
CHICACO, ILLINOIS 
WILLIAM W. MONTGOMERY, MD NEWTON E. HYSLOP, JR., MD 


BOSTON, MASSACHUSETTS BOSTON, MASSACHUSETTS 


Alternaria is a fungus of the class Deuteromycetes and the family Demati-eeae. Fungi of this genus have generally been regarded as 
nonpathogenic and as contaminants when isolated from clinical specimens. Hy5ersensitivity to Alternaria spores, however, has long been 
recognized as a cause of allergic pulmonary disease. More recently, the organism has also been demonstrated to have potential for oppor- 
tunistic invasion of immunosuppressed and debilitated patients. Presented is a ease in which this organism was repeatedly isolated from 
naso-oral tissue specimens from an otherwise healthy patient. The organism was seen in biopsies from a granulomatous hyperplastic 
destructive disease of the maxilla and soft tissues of the face which extended tc the ethmoid sinus and fistulized through the hard palate. 
The clinical course, pathophysiology and therapeutic approach are discussed. Whe management of this disease requires a multidisciplinary 
approach involving the otolaryngologist, infectious disease specialist and path elogist. 


INTRODUCTION tion with fistula formation through the hard palate. 
The cinical course, pathophysiology and therapeu- 
Alternaria is a fungus of the class Deuteromycetes tic approach are discussed. 

and the family Dematiaceae. Fungi of the genus . 
Alternaria until recently were generally regarded as CASE REPORT 
nonpathogenic and as specimen contaminants when 
isolated from culture media.' The natural hebitat of A 0-year-old white female was referred to the 
this common plant pathogen is the soil. The Massechusetts Eye and Ear Infirmary for evalua- 
organism is ubiquitous, and its spores are kmown to tion cf a right nasal mass and palatal fistula. 


be airborne. Alternaria organisms are often isolated 
from scrapings and biopsies of normal skin,? which 
PRUSS pe ca pgs: g en ae rhinitis. As a result she became a chronic nasal 
ee fe ie ipani d n Pyn laei rul f F spray abuser, but did not use any systemic or topical 
OFGONIMI MAS OSA COUSIGETO TO JACK VIRUGNDE TAG steroids. Shortly after arriving in Florida, the fami- 


ete Recieved for invasion of normal tissues, ly accuired a horse and the patient regularly pitched 
hypersensitivity responses to inhalation of Alter- hay te feed the animal. 


naria spores have long been known as a cause of 


In 1957, the patient moved to Florida and im- 
mediztely began to experience symptoms of allergic 


allergic pulmonary diseases such as bronchial In une 1972, the patient noted a burning sensa- 
asthma in atopics and hypersensitivity malt tion ia the palate. Over a period of one week, a rap- 
workers. idly progressing ulceration developed with perfora- 


tion cf the hard palate into the floor of the nose. Bi- 
opsy əf this lesion demonstrated inflammation and 
hyphal forms. Subsequent cultures revealed fungi of 
the genus Alternaria. Treatment at this time con- 
sisted of local excision of the involved area of the 
palate with local injections of Nystatin® ; the fistula 


Recently, Alternaria has been demonstrated to be 
an opportunistic pathogen: cutaneous alternariosis 
was described in two patients with primary debili- 
tating diseases and in a patient with acute lympho- 
cytic lymphoma.” Keratomycosis with isolation of 


Alternaria species from a corneal ulcer was de- waat inked 

scribed in a patient who had been on a three-month 

course of topical corticosteroids.* The first report of In November 1972, her symptoms and fistula re- 
alternarial invasion of an apparently healthy indi- curred and she was referred to another physician 
vidual described osteomyelitis involving the pre- who administered intermittent courses of ampho- 
maxilla, the caudal margin of the anterior nasal tericia B intravenously over three months. The 
septum and the hard palate in a young, otherwise fistula closed and no fungal forms were found on 
healthy female. We present a second case in an biopsy at the completion of treatment. Subsequent- 
otherwise healthy female in which Alternaria was ly, ste experienced a number of recurrences, all 
repeatedly observed in biopsies of, and isolated preceied by episodic epistaxis, nasal crusting and a 
from a sclerosing, destructive, granulomatous pro- mold» smell which she attributed to the organism. 
cess in the nasal cavity and ethmoid sinus in associa- With each recurrence, biopsy of the palate and 


From the Department of Otolaryngology, Harvard Medieal School and the Massaehusetts Eye and Ear Infirmary; and the Infectious Disease Unit, 
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nasal turbinates revealed noncaseating granuloma 
and intracellular and extracellular branching 
filamentous orgznisms. As isolates from these early 
specimens unde-went sporulation on culture, the 
organism was repeatedly identified as Alternaria. 
Subsequently, during her course, culture isolates 
grew only as noasporulating mycelial mats. 


Thereafter, she was administered multiple 
courses of amphotericin B; each time slow healing 
of the fistula was followed months later by relapse. 
The patient was referred to several institutions to 
undergo modifications of the amphotericin B regi- 
men. A recurrerce in December 1978 was treated 
with the oral antifungal agent, ketoconazole, with 
limited clinical response. She was also noted to have 
a gradually increasing mass in the right nasolabial 
fold and, more recently, an erythematous nodular 
lesion over the supratip region of the nose. 


The patient was first admitted to the Massachu- 
setts Eye and Ear Infirmary in January 1979. Ex- 
amination reveaed a 3 mm diameter fistula open- 
ing in the hard palate (Fig. 1B). Examination of the 
external nose rev2aled a hard, slightly erythematous 
mass obliterating the right nasolabial fold and an 
erythematous fimm ridge across the supratip region 
(Fig. 1A). Intranasal examination showed a nonery- 
thematous, hard mass of the right lateral nasal wall 
(Fig. 1C), crusting of the right inferior turbinate, 
and discoloration of the right anterior septum. The 
remainder of a complete otorhinolaryngologic and 
neurologic examination was within normal limits. 
Skin testing did rot reveal anergy. Immunoglobulin 
and complement levels were normal. 


Plain films and polytomography of the sinuses 
revealed only slight thickening of the right antero- 
lateral nasal wall. and membrane thickening in the 
ethmoids and le°t sphenoid sinuses. Computerized 
tomography of the orbits and frontal views of the 
sinuses showed a focal soft tissue mass in a few 
ethmoid cells but no destruction of the lamina 


Fig. 1. A) Right nasolabial mass and su- 
pratip lesion. B) Palatal fistula. C) Note mass 
of right lateral nasal wall. 


papyracae and no intraorbital mass; corcnal views 
revealed some resorption of the inferior portion of 
the bony nasal septum and soft tissue swel ing of the 
turbinates (Fig. 2). Bone scan showed no uptake in 
the frontal or maxillary bones. Histological exam 
and cultures of biopsies of the anterior tips of both 
middle turbinates were negative for Alternaria. 
Biopsy of the margins of the palatal fistula revealed 
typical hyphal forms and granulomatous inflamma- 
tion: two colonies of filamentous fungi were 
isolated from the biopsy and from curettings of the 
fistula. Further identification was prevented by 
failure of the organism to sporulate despite sub- 
culturing on a variety of media. 


Over the next eight months, the oronasal fistula 
tract narrowed on an increased ketoconazole dosage 
of 400 mg/day. However, progression of induration 
and erythema of the hard palate mucosa and in- 
crease of the right nasolabial fold mass dictated an 
attempt at surgical debulking: the objectives were 
to resect the advancing parameningeal ethmoid le- 


? 


tas 





Fig. 2. Coronal CT scan demonstrating focal:scft tissue 
mass in right ethmoid cells (arrow) and mild resorption of 
the inferior portion of the bony septum. 
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Fig. 3. Right external ethmoidectomy approach. Note 
the rubbery appearance of the lesion. 


sion and to reduce the fungal load in hopes that a 
further trial of amphotericin B would have a re- 
duced chance of relapse. 


The patient was readmitted in August 1979, 
brought up to a full amphotericin dosage of 20 mg/ 
day over seven days, with 5-fluorocytosine at 3 gm/ 
day, and then taken to the operating room. A right 
external ethmoidectomy approach was utilized to 
debulk the lesion over the nasolabial fold and to ex- 
plore the ethmoid sinuses (Fig. 3). It was noted that 
the skin and immediate subcutaneous tissues ap- 
peared free of disease, the ethmoid labyrimth ap- 
peared grossly normal, and that the anterolateral 
nasal wall adjacent to the upper extensiom of the 
middle turbinate was moderately thickened. The 
incision was then extended caudad to partially de- 
bulk the nasolabial mass. The mass was avascular, 
extremely hard, and had replaced portions of the 
ascending process of the maxilla, upper lateral nasal 
cartilage and inferior lateral nasal bone. The right 
nasal cavity and ethmoid sinus were then packed 
with iodoform gauze impregnated with both am- 
photericin B cream (1%) and tetracyclime oint- 
ment. The wound was closed primarily without 
drainage. Postoperatively the patient was maintained 
on amphotericin B and 5-fluorocytosine until dis- 
charge on the 14th postoperative day for continued 
outpatient treatment. There were no complications 
and healing was uneventful. 


Histopathology revealed granulomatous inflam- 
mation and fibrosis involving the nasolabial lesion, 
ascending process of the maxilla, anterolateral nasal 
wall, middle turbinate, and anterior ethmcid cells. 
Numerous fungi were seen, occasionally branching, 
with septate hyphae; fungal walls did not stain with 
hemotoxylin and eosin but were readily seen with 
Grocott-methenamine-silver and periodic acid 
Schiff stains (Fig. 4). This morphology was consis- 





Fig. 4. Tissue section demonstrating hyphal form within 
giaat cell (arrow). (PAS, x640) 


tent with the appearance in tissue sections of Alter- 
nariz species.’ Cultures of the operative material at 
20 C on Sabouraud’s dextrose agar with chloram- 
phen col yielded multiple colonies of a pure growth 
of a cematiacious fungus (Fig. 5). Results of in vitro 
sensi*ivity studies of the susceptibility of the fungus 
isolaved from the operative specimens to various an- 
tifunzal agents are shown in Table 1. The 5-fluoro- 
cytasne was discontinued when sensitivity tests 
showed it to be ineffective. 


DISCUSSION 


The natural habitat of Alternaria is the soil. The 
orgeaism is commonly found in grains, seeds and 
grasses such as wheat, barley, oats, and corn.® In 
the zase reported here sinusitis and osteomyelitis of 
the Fard palate due to Alternaria occurred in an 
otherwise healthy patient with no obvious underly- 
ing normality of host defense. A similar case with 
invchvement limited to the palate has been reported 
elsewhere.’ In both instances, the clinical course 
para leled aspergillosis of the paranasal sinuses, 
whim may occur as a chronic disease in an other- 
wise healthy person.’ 


Tte disease process in the present case began in 
the r ght nasal cavity, eventually fistulizing through 
the Fard palate as the initial clinical presentation. 
Therafter, the infection spread up the lateral nasal 
wall to the ethmoid labyrinth. The local progres- 
sion 3f disease was marked by a noncaseating gran- 
ulomatous inflammatory reaction; furthermore, 
certain areas showed collagen deposition and scle- 
rosis around inflammatory sites, a feature also char- 
actexistic of paranasal sinus aspergillosis. 


Iæ portant factors in the pathogenesis appeared 
to be the intense exposure to Alternaria spores in the 
course of pitching hay, preceded by the long period 
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of allergic rhinitis and rhinitis medicamentosa. We 
postulate that the protective self-cleaning barrier of 
the nasal mucosa was impaired by the latter pro- 
cesses. By analogy with allergic aspergillosis, ex- 
cessive mucus production may have facilitated ger- 
mination of Alternaria spores to hyphae in the nasal 
mucosa; the areas of ischemic mucosa may in turn 
have permitted initial hyphal invasion of submuco- 
sal tissues. 


It is unlikely that there was a general defect in the 
host defense mechanisms since the patient was not 
anergic, as shown by normal responses to the rou- 
tine battery of skin tests and normal immunoglob- 
ulin and complement levels. It is possible that a 
selective defect in either intracellular killing 
mechanisms or in cellular immune responsiveness to 
Alternaria underlay the rarity of this entity. While 
incomplete intracellular killing of hyphal forms ap- 
peared to be the major host defect, it is not known 
whether normal macrophages are capable of fungi- 
cidal action against Alternaria hyphae. An impor- 
tant clinical fact against the hypothesis of a specific 
immune defect to Alternaria is the lack of systemic 
invasion over a seven-year period. However, the 
lack of systemic invasion could also be explained by 
inhibition of grewth of the organism at 37 C, in 
which case growth would only occur in tissues adja- 


TABLE 1. IN VITRO SENSITIVITIES TO ANTIFUNGAL 
AGENTS OF ALTERNARIA 





Agent MIC yg ml 
Amphotericin B 0.8 
5-Fluorocytosine > 100.00 
Miconazole 0.2 


MIC - Minimum inhibitory concentration. 


cent to the lower temperatures of the nasal cavity 
and paranasal sinuses. In addition, limited and slow 
spread of the organism in these tissues probably also 
reflects some degree of effective host resistance, 
since organisms were seen in giant cells. 


The diagnosis of invasive fungal infection re- 
quires isolation of fungus from the area of infection 
and histologic confirmation of invasion of viable 
tissue by the putative pathogen.* Tissues in this case 
yielded pure cultures of septate filamentous fungi 
identical in morphology to that seen on histo- 
pathologic examination and consistent with the 
morphology of previous reports.*:* Earlier cultures 
had sporulated, permitting speciation of the fungus 
as Alternaria, but after repeated courses of am- 
photericin B therapy, isolates could not be induced 
to sporulate by us or by other laboratories. 


The treatment we employed in an attempt to 
control further invasion of periorbital and para- 
meningeal tissues consisted of a combination of che- 
motherapy and limited surgical removal of involved 
tissues with appropriate sinus drainage. These prin- 
ciples are similar to those in treating aspergillosis of 
the paranasal sinuses.’ It should be emphasized that 
the clinical efficacy of the available chemothera- 
peutic agents used to treat Alternaria infections is 
questionable. The in vitro sensitivity studies in this 
case demonstrated that amphotericin B, miconazole 
and, by extrapolation, ketoconazole were inhibi- 
tory in vitro and that 5-fluorocytosine alone was 
neither inhibitory nor synergistic with amphoteri- 
cin B. In vitro sensitivity studies do rot allow 
prediction of the in vivo clinical response. A patient 
with Alternaria maxillary osteomyelitis inhibited by 
and treated with amphotericin B and local excision 
relapsed 17 months after completing therapy.‘ 


Six months postoperatively, our patient experi- 
enced an exacerbation of the disease manifested by 
fistulization through the supratip portion of the 
nose and right lateral nasal wall. She is currently 
being treated with ketoconazole. 
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The intrathecal administration of gentamicin has been used to treat bacte-al meningitis. However, the influence of this route of ad- 
ministration on the well-known ototoxic activity of gentamicin is unknown. ThSroute of administration should facilitate access to the in- 
ner ear and should increase the ototoxic liability. The possible ototoxic and re_rotoxic effects of intrathecally administered gentamicin 
(0.5, 1, 2, 4, 6, 10 mg/day) in cats were evaluated. Hearing thresholds were o »ained by a noninvasive technique prior to and on the 7th 
and 2lst days after the initiation of a seven-day dosage regimen. Histological ex. mination of the organ of Corti was routinely done. Addi- 
tionally, the vestibular organs of one animal on the 4 mg/day regimen were ez: mined. The concentrations of gentamicin in the cerebro- 
spinal fluid were also determined. The data indicate thet the 2 mg/day dose m: y be very close to the threshold dose for ototoxicity when 


gentamicin is given by intracisternal administration. 


Gentamicin is of great value in the treatment of 
Gram-negative or tuberculous infections. It Was also 
been used in the treatment of infections of the cen- 
tral nervous system (CNS) such as Gram-negative 
bacillary or tuberculous meningitis or ventr culitis. 
However, when used systemically, this drug fre- 
quently does not attain effective antibacterial con- 
centrations in the cerebrospinal fluid (CSF). The 
low concentration of gentamicin in CSF has been 
ascribed to its poor penetration across the 
blood/CSF barrier. Although gentamicin has also 
been shown to be transported from CSF to blood via 
a saturable mechanism,’ this transport is nat a ma- 
jor factor in limiting levels of gentamicin in the 
CSF. 

When the blood/CSF barrier is bypassec, as by 
intrathecal, intracisternal or intraventricular appli- 
cation, adequate drug levels for the treatment of in- 
fection of the CNS may be achieved. For example, 
Rahal? recommended that, for the treatment of 
bacillary meningitis, gentamicin be givem intra- 
thecally in a dose of 4 mg every 12-18 hours along 
with 5 mg/day gentamicin intravenously or in- 
tramuscularly. Successful treatment of bacterial 
meningitis or ventriculitis by these methods has 
been reported.**?? In these clinical reports, the 
reported adverse effects were mainly contined to 
neurotoxicities, such as grand mal seizures.“ weak- 
ness of the lower extremities,’ radiculopathy, cessa- 
tion of respiration* and histological lesion in the 
midbrain.”? Persistent meningeal inflammation fol- 
lowing intrathecal gentamicin had been reported, 
but the causative agent could have been the pre- 
servatives in the solution rather than the gentamicin 
itself.?2? Molitor et al?* revealed a direct relationship 


between the CSF concentration of gentamicin, 
brain tissue concentration of gentamicin and occur- 
rence of brain lesions in the rabbit. Favorable 
clinieal responses, but with some toxicity, were 
repo-ed by Rahal et al” following intraventricular 
gentanicin at doses of 8 and 12 mg daily. One of 
Rahas patients suffered a severe hearing loss after 
receming a single intrathecal injection of 12 mg 
genta nicin, but this patient had a mild hearing loss 
befo-= his illness. Another patient showed no oto- 
toxici-y following six intrathecal administrations of 
12 mg gentamicin. Other authors employing much 
larger doses of gentamicin (0.5-2 mg/kg) by the in- 
trat}ecal route reported no ototoxicity.'? 7° 


Surprisingly, the above case of ototoxicity from 
gentamicin administered intrathecally is the only 
one -wat has been reported,’ in spite of the fact that 
ototo=zicity by systemic administration of gentami- 
cin hes been reported repeatedly in both humans 
and experimental animals.’ One possible explana- 
tion for this apparent paradox is that most of the in- 
trathecally administered gentamicin is given by 
lumber puncture. It is widely accepted that sub- 
staness given by lumbar puncture achieve relatively 
poor —istribution to the cranial CSF. 


Ce-ebrospinal fluid and cochlear perilymph are 
knowm to be continuous by way of the cochlear 
aqueduct.?’ In the guinea pig it is calculated that 
25% of the perilymph comes from the CSF. The 
rest Æ the perilymph comes from the blood.*® Fur- 
thermore, intracisternally injected substances have 
beer -eported to reach the perilymphatic space.”*"*” 
There‘ore, it is most likely that when applied di- 
recth into the cisternal CSF, a water-soluble and 
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THRESHOLD CHANGE dB SPL 





FREQUENCY (kHz) 


Fig. 1. Changes in VDT of hearing in the right ear of a 
cat which had received 2 mg gentamicin daily for seven 
days. The ECochG determination of VDT before drug and 
two weeks after drug treatment revealed increases in hear- 
ing threshold primarily at the higher frequencies tested. 


small molecular weight substance (mol wt 543) may 
reach the perilymph of the inner ear without dif- 
ficulty and cause ototoxicity. Of all the intrathecal 
injection sites the intracisternal route provides a 
maximal concentration of gentamicin in the region 
of the cochlear aqueduct. Thus it is of clinical im- 
portance to determine the effect of direct adminis- 
tration of gentamicin into the CSF upon the inner 
ear. The purposes of the present study are to deter- 
mine 1) whether ototoxicity can be caused by the in- 
tracisternal injection of gentamicin, and 2) the 
threshold ototoxic dose of gentamicin by intracister- 
nal application. 


METHODS 


Cats of both sexes weighing between 1.9 and 3.4 kg were given 
gentamicin intracisternally for seven successive days. The pro- 
cedure for the intracisternal injection of gentamicin was as fol- 
lows. The animal was anesthetized with ketamine hydrochloride 
(20 mg/kg, ip). The hair was clipped and the skin over the 
foramen magnum painted with Betadine®. The neck was flexed 
anteriorly and the cisterna magna was entered with a 20-gauge 
needle through the atlanto-occipital space. Location of the tip of 
the needle was assured by aspiration of a volume of CSF equal to 
the volume of solution to be injected. The test solution was com- 
posed of 1 ml of sterilized saline containing 10 or 0 (as control) mg 
of gentamicin sulfate (Garamycin®). 


Before and on the 7th and 21st days after the start of intracister- 
nal injections, electrocochleograms (ECochG) of both ears were 
obtained by a slight modification of the method of Norris et al.” 
If the animal developed a grossly observable middle ear infection 
either before or during the experiment, that ear was excluded 
from the data. For ECochG, the cats were anesthetized with 
ketamine (20 mg/kg ip) and placed in a sound-dampened cham- 
ber. A recording electrode (0.1 mm-diameter tungsten wire 
coated with vinyl enamel) was mounted on a micromanipulator 
and directed throughethe tympanic membrane (TM) to rest on the 
otic capsule. Tone bursts at 2, 4, 8, 12, 14, 16 and 18 kHz were 
presented to the cat by a Yamaha electrostatic speaker in free- 
field configuration. The sound pressure level near the TM was de- 
termined using a Bruel and Kjaer sound-level meter. 


The electrical potentials picked up by the electrode were 
amplified and stored in a data retrieval computer. The intensity 
of each tone burst was adjusted until a compound action potential 
response was just visually detectable on the computer's screen 





Pig. 2. Basal turn, organ of Corti, cat A (control). All 
three rows of OHC are intact. This photograpn demon- 
strates the osmium tetroxide stain which allows visual- 


ization of intact hair cells. Preparation done after last 
ECochG. 


after 500 stimuli had been presented and the resulting potentials 
summed. This intensity was then considered as the visual detec- 
tion threshold (VDT) for that frequency. Ototoxicity was defined 
as present when the VDT was raised by more than 20 dB at two 
or more of the test frequencies. This criterion has been verified a 
number of times by histological examination. This VDT change 
corresponds to a decrease in the number of outer hair cells (OHC) 
in the organ of Corti. Before or during the experiment if the 
animal developed significant otitis media or massive perforation 
of the TM, the results were excluded from the data. Some animals 
were sacrificed and their cochleas examined by the surface 
preparation technique? and in one case the vestibular end- 
organs, eg, cristae of semicircular canals and utricle, were 
similarly examined. Also, in some animals the gentamicin concen- 
tration in the CSF samples obtained just prior to injection of gen- 
tamicin was measured by microbiological assay. * 


RESULTS 


In the control (saline) group, all of the animals 
survived throughout the experiment and showed no 
neurotoxicity or ototoxicity. In the experimental 
(gentamicin) group some animals died before the 
last ECochG procedure was performed. These ani- 
mals usually showed signs of ataxia, prostration or 


* Assays performed at Schering Company. 





Fig. 3. Basal turn, organ of Corti, cat B, 2 mg genta- 
micin per day. The loss of OHC is clearly evident. Prep- 
aration done after last ECochG. 
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TABLE 1. SURVIVAL AND DAMAGE ACCORDING TO TOSE OF GENTAMICIN SULFATE 


No. of No. Surviving 


Animals 3 Neeks 








Saline 1] 11 
10 mg 3 0 
6 mg 3 l 
4 mg 3 l 
2 mg 12 8 
0.5 mg 2 ] 





Electrocochleography 


xia No. Ears Ototoxicitt 








) 17 0 (0%) 
2 —_ a 

1 2 0 (0%) 
2t 2 2 (100%) 
3 14 7 (50%) 
1 2 2 (0%) 


*Calculated from number of ears showing a greater than 2 dB increase in threshold <r at least two frequencies at the three-week period. 


{Surface preparations and histological examination of one & these animals revealec <ctensive damage in the vestibular organs. 


weakness of the limbs several days before death. 
Deaths immediately after injection were net ob- 
served by us, although at the high doses am occa- 
sional, reversible respiratory arrest was seen. 


The groups of animals receiving the larger doses 
of gentamicin exhibited high mortality. Noneof the 
10 mg group survived the seventh injection. Two of 
the three animals died in the week between tae last 
injection and the final ECochG in both the 6 mg 
and 4 mg groups. Neither surviving animal s 10wed 
neurotoxicity, yet there was a bilateral hear 1g loss 
at all frequencies (40 dB SPL average loss) in the 
animal from the 4 mg group demonstrating ototox- 
icity. In the 0.5 mg group the one surviving animal 
was ataxic, but there was not a significant chenge in 
the ECochG indicating no ototoxicity. 


Much of our effort was concentrated on te 2 mg 
group since we thought that this might be the 
threshold dose or the maximal subototoxic dose. In 
this group 8 of 12 animals survived. Three of the 
four nonsurvivors died of apparently nondrug-re- 
lated causes. These included two asphyctic deaths 
at the time of ECochG and one death possibly re- 
lated to a double intracisternal injection. Three 
animals within the surviving group showed ataxia 
but no ototoxicity by our most discriminating cri- 
terion, namely worsening of VDT by at leas- 20 dB 
at two or more frequencies. 


Yet there was a 50% incidence of ototozxicity in 
this experimental group (Table 1). Figure I repre- 
sents the change in thresholds across frequencies 
after seven daily intracisternal injections af 2 mg 





Fig. 4. Right superior crista of horizontal semie rcular 
canal, cat A (control). The sensory hairs and intact nerve 
supply are evident. Preparation done after last ECechG. 


gentaraicin. Note that the greatest loss in hearing 
acuity is at the higher frequencies. Concomitant 
alteraapns in the organ of Corti include extensive 
loss cf DHC in the basal turn (Figs. 2 and 3). 


Hisx logical examination of one of the nonsur- 
vivors4rom the 4 mg group revealed extensive dam- 
age m the vestibular region. The loss of sensory 
hairs ~om the crista of the superior semicircular 
cana! can be seen by comparing Figures 4 and 5. 
The = ect of gentamicin on the utricle is demon- 
strated in Figure 6. Notice the loss of hair cells as 
evider ed by the scarring when compared to a con- 
trol aa mal’s utricle shown in Figure 7. 


A eəmnparison of mean changes in threshold (Fig. 
8) dces not detect any statistically meaningful dif- 
ferences, except at the 4 mg dosage level. Hearing 
loss wes usually bilateral (with one exception), but 
the decree of loss and the frequencies affected were 
not reeessarily symmetrical. 


Tw-nty-four hours after intracisternal adminis- 
tratiex of gentamicin, CSF samples were obtained 
for emalysis. There was progressive difficulty in 
with kawing CSF from experimental animals, par- 
ticula~y those receiving either 6 mg or 10 mg daily. 
The eencentration of gentamicin in the CSF is 
showr in Figures 9 and 10, with the latter figure 
demo strating a linear dose relationship. However, 
no d-wect relationship between the concentration of 
gentamicin in CSF and neurotoxicity or ototoxicity 
was Chserved. In many of the gentamicin-treated 
animas, we observed signs of infection such as run- 
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> 5. Right superior crista of horizontal semicircular 
canal, cat C, 4 mg gentamicin per day. Note the absence of 


sexory hairs and the additional scarring caused by the 
g=ramicin. Preparation done postmortem. 


258 PARRISH ET AL 





Fig. 6. Right utricle of cat C, 4 mg ; ay eae jar day. 
The loss ef hair cells is evidenced by the large degree of 
scarring. Preparation done postmortem. 


ny eyes and labored breathing during the period of 
the injections. These signs disappeared soon after 
the last injection. We observed no such signs in the 
control animals. 


DISCUSSION 


The toxic effects of intracisternal gentamicin ob- 
served in this study included cessation of respira- 
tion, ataxia and prostration. In addition, particu- 
larly at the high doses, there was great difficulty in 
obtaining CSF. This problem may have been due to 
induration of the atlanto-occipital membrane or to 
irritative arachnoiditis. After initial penetration, 
the “searching” movements with the needle which 
were necessitated by the difficulty in obtaining CSF 
could have compounded gentamicin’s native neuro- 
toxicity. For instance, hematomas were found at 
the autopsy of several animals. Such hematomas 
could explain the respiratory difficulties seen at the 
highest doses of gentamicin. Thus, the ataxia and 
prostration could have been caused by damage to 
the vestibular end-organs or possible cerebellar 
damage. We lean toward the vestibular end-organs 
as the more likely site of toxicity in view of the 
histological findings from the 4 mg per day group. 
The intracisternal route of administration proved 
innocuous of itself, since all of the control animals 
survived the week of injections with no obvious 
damage. 


The change in thresholds across frequencies after 
seven daily injections of 2 mg gentamicin demon- 
strates that the greatest loss in hearing acuity is at 
the higher frequencies. The destruction of OHC 
from the basal turn of the organ of Corti cor- 
responds to the marked attenuation of high fre- 
quency hearing. 


The gentamicin concentrations in CSF must be 
examined with the sampling period in mind, since 
the samples were taken 24 hours after the injection 
of gentamicin during the entire seven-day regimen. 
Thus, the levels might be expected to be quite low. 





Fig. 7. Right utricle of cat A (control). The clear repre- 
sentation of intact hair cells is shown. Preparation done 
after last EcochG. 


The half-life of gentamicin in CSF in man is 5.5 
hours.'’ This accounts for the lack of accumulation 
of gentamicin in CSF. However, if the CSF levels 
over the seven days were averaged, there was an 
evident dose-concentration (CSF level) relation- 
ship. The residual gentamicin in the CSF after four 
half-lives (24 hours) would have to vary as a func- 
tion of the initial dose. The gentamicin levels 
reported here are within the limits of those reported 
by Allison and Stach,“ ie, 0.25 ug/ml at 24 hours. 


The design of this research and analysis of these 
data tend to overestimate rather than under- 
estimate the occurrence of ototoxicity. It seems like- 
ly that the intracisternal route of administration of 
a dose of gentamicin is more likely to produce 
ototoxicity than a similar dose given by lumbar 
puncture. Firstly, there is reduced access of drugs 
administered by lumbar puncture to the cranial 


THRESHOLD CHANGE dB SPL (MEAN+SEM) 





FREQUENC Yi kHz) 


Fig. 8. Mean changes in ECochG thresholds. The differ- 
ences in visual detection thresholds across frequencies, be- 
tween the predrug ECochG determination and the two- 
week postdrug determination are expressed in dB SPL. The 
doses listed are the absolute amounts injected intracister- 
nally daily for seven days. The vertical bars are the stan- 
dard errors of the mean. 
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Fig. 9. Levels of gentamicin in CSF samples taken from 
cats 24 hours after the intracisternal injection of the drug. 
The points represent the means of all the determinations 
made. 

CSF spaces. Secondly, access to the cochlea from 
the CSF is via the cochlear aqueduct near the inter- 
nal auditory meatus. This is relatively accessible 
from the cisterna magna. The choice of cats rather 
than a larger species as the experimental animals 
also increased the likelihood that ototoxicity would 
appear. Additionally, gentamicin was administered 
as a fixed dose, ie, not on a weight basis, and into a 
relatively restricted volume. Although the doses per 
organism employed in this study were in the range 
of doses employed clinically, the CSF volume of the 
human must be several fold larger than those in the 
cat. Therefore, the initial CSF concentrations 
achieved in the cat had to have been several fold 
higher than those in humans. 


The results of this study indicate that ototoxicity 
results from the administration of 2 mg gentamicin 
intracisternally. However, our impression is that 2 
mg may be very close to the threshold dose. Observe 
in Figure 1 that there is no difference between the 
means of threshold determinations of control and 2 
mg gentamicin animals. Clinical reports using in- 
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Fiz. 10. Mean levels of gentamicin in CSF samples taken 
from cats 24 hours after the intracisternal injection of the 
drug The points are means for all samples assayed from 
animals receiving similar doses. For instance, all the CSF 
concentrations of gentamicin from animals receiving 2 
gent. micin were averaged without regard to the ay 
treatment. The vereal bars represent the standard errors 
of th=«mean and the numbers in parentheses are the num- 
bers əf samples assayed. 


travertricular route of administration show no 
ototox.city even when administered to infants less 
than cne month of age.'®*! McCracken”? reported 
no otctoxicities in his experience with intrathecal 
gentamicin, but he also stated that this route of ad- 
minist-ation did not provide a greater success in the 
treatment of neonatal meningitis. Using the in- 
travertricular route of administration Lee‘? 
reported a greater success. Mangi et al” reported on 
the treatment of Gram-negative bacillary men- 
ingitis with either intrathecal or intraventricular in- 
jectiors of 2-3 mg per day of gentamicin. No ves- 
tibula- or cochlear ototoxicity was observed even 
thouga the concentrations of gentamicin in the CSF 
24 hours after injection had mean values of 5.9 
„g/ml for intrathecal and 11.1 pg/ml for intraven- 
triculer routes. One should note that the concentra- 
tion o` gentamicin in this smaller CSF volume than 
that o man and the intracisternal route rather than 
lumber puncture in this study would increase the 
likelitood of ototoxicity. Therefore, the extrapola- 
tion o: these results to man, fraught with danger as 
always, may be made with less-than-usual hesita- 
tion, fr if there is an error it has been on the con- 
servat-ve side. 
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Tonsils were obtained from 50 children suffering fro n recurrent tonsillitis Satients’ ages ranged from 2.5 to 17 years (mean 6 years); 
29 were males and 21 females. The tonsils were sectionec in half after heat seasing of the surface and the core material was cultured for 
aerobic and anaerobic microorganisms. Mixed aerobic aad anaerobic flora was stained in all patients, yielding an average of 7.8 isolates 
(4.1 anaerobes and 3.7 aerobes) per specimen. There were 207 anaerobes isolatee . The predominant isolates were 101 Bacteroides sp (in- 
cluding 10 B fragilis group, and 47 B melaninogenicus group), 39 Fusobacteritae sp, 34 Gram-positive anaerobic cocci (25 Peptococcus sp 
and 9 Peptostreptococcus sp) and 16 Veillonella sp. There were 185 aerobic isal =s. The predominant isolates were 41 a-hemolytic strep- 
tococci, 24 Staphylococcus aureus, 19 B-hemolytic strepteeocci (11 group A, 4 gre up B, and 2 each group C and F), 14 Haemophilus sp (in- 
cluding 12 H influenzae type B) and 5 H parainfluenzae Beta-lactamase pro‘tetion was noted in 56 isolates recovered from 37 tonsils. 
These were all isolates of S aureus (24) and B fragilis (10). 15 of 47 B melaninog2=us (32%), 5 of 12 B oralis (42%), and 2 of 12 H influen- 
zae type B (17%). Our findings indicate the polymicrobial aerobic and anaero® e nature of deep tonsillar flora in children with recurrent 


tonsillitis, and demonstrate the presence of many 6-lact=mase-producing orgarians in 74% of the patients. 


INTRODUCTION 


A growing number of children with tonsillitis 
become refractory to therapy with penicillir. This 
has been attributed to the emergence of pen cillin- 
resistant strains among the organisms beloncing to 
the mouth flora.’ Previous work related to the 
microbiology of recurrent tonsillitis was aimed pri- 
marily at the detection of aerobic pathogenic nicro- 
organisms such as group A -hemolytic streptococci 
or Staphylococcus aureus.’ The role of anaerobic 
microorganisms in this infectious process were rare- 
ly studied. However, anaerobes were isolated from 
peritonsillar and retropharyngeal abscesses,* and 
Actinomyces was frequently recovered from ton- 
sillar tissue. 


This study was done to determine the aero^ic and 
anaerobic flora present in the tonsil core of children 
with recurrent tonsillitis. Since anaerobes ave nor- 
mal inhabitants of the oropharynx includ 1g the 
surface of the tonsils, cultures taken direct!~ from 
this area are difficult to interpret. To avod this 
problem we obtained cultures from the core of the 
excised tonsils. 


MATERIALS AND METHODS 


The tonsils studied were removed from pediatric pa‘zents ad- 
mitted for elective tonsillectomy at Children’s Hospital, National 
Medical Center, between August 1977 and October 1979. Pa- 
tients suffered from recurrent tonsillitis, defined as at Least five 
episodes of inflammation of the tonsils within one year, during 
which group A 3-hemolytic streptococci were recovered repeated- 
ly. The duration of the patients’ symptoms ranged from eight 
months to three years (average 1.5 years). They receivec nultiple 
courses of antibiotics, but none received any antimicrobial 
therapy for at least one month prior to surgery. 


Imme-iately after excision, the tonsils were placed in a sterile 
contains filled with physiological saline and were promptly 
taken tc the anaerobic microbiology laboratory. One of the tonsils 
was plac=d in a sterile Petri dish and held by forceps. One side of 
the ton was cauterized with a heated scalpel, and an incision 
was ma through that area cutting the tonsil in half. The core of 
the tons. was swabbed with a sterile cotton-tipped applicator and 
plated erto aerobic and anaerobic media. The time between re- 
moval cfthe tonsils and inoculation of the specimen was never in 
excess Œ 15 minutes. 


Speer ens were inoculated onto 5% sheep blood, chocolate 
and [L/s>Conkey’s agar plates for aerobic and facultative 
organsas. The plates were incubated at 37 C aerobically (Mac- 
Conkeys or under 5% CO, (5% sheep blood and chocolate), and 
examinee. at 24 and 48 hours. For anaerobes, the material was 
plated erto prereduced vitamin K,-enriched brucella blood agar, 
an anaembic blood plate containing CNA and an enriched thio- 
glycola broth (containing hemin and vitamin K,).° The anaero- 
bic pates and thioglycolate broth were incubated in Gas- 
Pak® jas (BBL, Cockeysville, Md.), and examined at 48 and 96 
hours. “naerobes were identified by techniques previously de- 


scribed * Aerobic bacteria were identified using conventional 
methas 


Beta+_ctamase activity was determined on all organisms, util- 
izing t= chromogenic cephalosporin analog 87/312 meth- 
odologe. 


RESULTS 


Tcrails from 50 children were studied (one tonsil 
from each child). Patients’ ages ranged from 2 to 19 
years mean 6 years); 29 were males and 21 females. 


TEree hundred ninety bacteria were isolated 
from the tonsils, 185 aerobes and 207 anaerobes 
(Table 1). Mixed aerobic and anaerobic flora were 
preset in all the tonsils yielding an average of 7.8 
isolates (3.7 aerobes and 4.1 anaerobes) per speci- 
men. “lo consistent pattern of combinations of the 
different aerobic and anaerobic bacteria was noted. 


Tte aerobic organisms most frequently isolated 
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TABLE 1. ORGANISMS ISOLATED IN 50 EXCISED TONSILS FROM PATIENTS WITH RECURRENT TONSILLITIS 


No. of 
Aerobic and Facultative Isolates 

Gram-positive cocci 

S pneumoniae 2 

Alpha-hem. streptococci 4] 

Gamma-hem. streptococci 17 

Group A, 8- hem. strept. 1] 

Group B, 8- hem. strept. 4 

Group C, B- hem. strept. 2 

Group F, 8- hem. strept. 2 

S aureus 24 (24)* 

S epidermidis 7 
Gram-negative cocci 

Neisseria sp 25 
Gram-positive bacilli 

Lactobacillus sp 9 

Diphtheroid sp 10 
Gram-negative bacilli 

H influenzae type B 12 (2)* 

Haemophilus sp 2 

H parainfluenzae 5 

E corrodens 4 

P aeruginosa l 

E coli l 
Yeast 

C albicans 6 

Total 185 
*In parentheses: number of organisms producing 8-lactamase. 


were a-hemolytic streptococci, S aureus, 8-hemoly- 
tic streptococci (groups A, B, C, and F), Haemophi- 
lus sp and y-hemolytic streptococci. The predomin- 
ant anaerobic organisms were Bacteroides sp (in- 
cluding B melaninogenicus and B fragilis group), 
Fusobacterium sp, anaerobic Gram-positive cocci, 
and Veillonella parvula. 


Beta-lactamase production was detectable in 56 
isolates recovered from 37 tonsils (74%). These in- 
cluded all isolates of S aureus and B fragilis group, 
15 of the 47 B melaninogenicus group (32%), 5 of 
12 B oralis (42%), and 2 of 12 H influenzae type B. 


DISCUSSION 


Anaerobes are part of the normal oropharyngeal 
flora and outnumber aerobes ten to one at this site.’ 
Although infections of the tonsils caused by anaer- 
obes is rare and is characterized by foul-smelling ex- 
udate,* potentially they can play a major role in 
oral infections, including tonsillitis. These organ- 
isms have also been recovered from many serious 
complications fellowing tonsillitis which include 
peritonsillar, neck, lung and brain abscesses; 
thoracic empyema; purulent arthritis; and bacter- 
emia.* 


The anaerobic organisms recovered in our study 
are those commenly found in soft tissue infections 
adjacent to the oropharynx. Organisms belonging 
to group B fragilis, isolated from ten of our patients, 
are rarely recovered from the normal oropharyn- 


No. of 


Anaerobic Isolates 


Gram-positive cocci 
Peptococcus sp 29 
Peptostreptococcus sp 9 


Gram-negative cocci 
V pervula 16 


Gram-positive bacilli 
B adolescentis 3 
Eubacterium sp 9 
Lactobacillus sp ] 
P acnes 2 
Actinomyces sp 2 


Gram-negative bacilli 
Fusobacterium sp 1] 
F mortiferum l 
F necrophorum l 
F nucleatum 26 
Bacteroides sp 15 
B melaninogenicus / 
B melaninogenicus ss mel 21 
B melaninogenicus ss 

intermedius ] 
B orelis ] 
B rumin ssp brevis 
B biecutus 
B fragilis (B fragilis group) 
B distasonis (B fragilis group) 
B vuigatus (B fragilis group) 
B-corrodens 
B uniformis 
B ochraceus 

Total 
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geal flora." However, these organisms have been 
isolated in few cases of aspiration pneumonia in 
adult"! and pediatric’? patients, and could con- 
ceivably colonize the oropharynx and toasils after 
repeated courses of penicillin. These isolations may 
have elinical relevance, since B fragilis group and 
penici_lin-resistant strains of B melaninogenicus are 
known to produce 6-lactamase." 


Since we did not include in our study a control 
group of tonsils obtained from normal children, it is 
impossible to conclude that the organisms recovered 
are pathogens in patients with recurrent tonsillitis. 
Since all of these organisms are part of the oral 
flora'* they might have been brought to the core via 
crypts penetrating from the surface, rather than 
representing true infection. Further studies which 
will include pathological documentation of the in- 
flammatory process, quantitative cultures of the 
flora and analysis of a control group of normal ton- 
sils would help on the interpretation of the clinical 
significance of our data. 


Microbiological analysis of tonsillar flora has es- 
tablished 8-hemolytic streptococci as the most com- 
mon pathogen isolated in acute tonsillitis. Penicil- 
lin has been the mainstay for tonsillar infections be- 
cause of its high success in eradicating group A 
B-hemolytic streptococci.’ Recently a growing 
number of patients develop recurrence of tonsillar 
infection or become carriers of group A 8-hemolytic 
streptococci after treatment with penicillin.''® 
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Since our patients did not receive antimicrobial 
therapy for at least one month prior to surgery, 
reinfection may explain the presence of group A 
8-hemolytic streptococci in 11 of them. TË s may 
also be due to inability of antimicrobial therapy to 
completely eradicate these organisms. 


Various theories have been offered to explain the 
phenomena of persistent or recurrent tonsiflar in- 
fection in the face of penicillin therapy. These in- 
clude appearance of penicillin-resistant a-h=moly- 
tic streptococci'?:'” and an increased incidenee of H 
influenzae’® and S aureus”? in throat culture. Other 
considerations include poor patient compliance 
with ten-day oral regimen and an inabi ity to 
achieve bactericidal levels of penicillin inside the 
tonsillar core.'® 


Another hypothesis deserves consideratiea. The 
co-colonization of the tonsils with various =-lacta- 
mase-producing aerobic and anaerobic orzanisms 
may affect the therapeutic response to penicillin 
therapy. Beta-lactamase-producing organisms can 
limit the efficacy of penicillin therapy”? by protect- 
ing the pathogenic streptococci by enzymatically 
“disarming” the penicillin, thereby allowing the in- 
fection to continue. In this study B-lactamase-pro- 


ducinz organisms were found in 37 (74 %) of our pa- 
tients These were all isolates of S aureus and B 
fragils, 32% of B melaninogenicus group, 42% of 
B or®s, and 17% of H influenzae type B. The 
clinica significance of the isolation of these organ- 
isms rey not only be due to their possible pathogen- 
icity »ut also to their -lactamase production. 


Lineomycin,”? clindamycin, and oxacillin'® 
have been found to be equally or more effective 
than penicillin in the treatment of recurrent tonsilli- 
tis, aad the eradication of 6-lactamase-producing 
orgarasms such as S aureus. It is therefore possible 
that tæir efficacy in the treatment of recurrent ton- 
sillit-s is secondary to their ability to eliminate the 
coex.sfing aerobic and anaerobic £-lactamase- 
prod.eing organisms. However, most studies have 
not sawn these drugs to be more effective than 
peni> lin in treating acute tonsillitis or preventing 
rheumatic fever. 


Th= isolation of pathogenic -lactamase-pro- 
ducirs organisms from three fourths of recurrently 
inflarzed tonsils raises the question of whether the 
treatment of recurrent tonsillitis with penicillin is 
adecuate in all instances and whether therapy 
shoul also be directed at the eradication of these 
orgarsms. 
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EFFECT OF INCREASED PERILYMPHATIC PRESSURE ON 
ENDOCOCHLEAR POTENTIAL 


TSUTOMU NAKASHIMA, MD 


AKIKAZU ITO, MD 


NAGOYA, JAPAN 


A study was done to determine how increased fluid pressure in the inner ear influences cochlear blood flow. Hydrostatic pressure was 
applied to the scala vestibuli or scala tympani in guinea pigs. Endocochlear potential, which is sensitive to the lack of oxygen, was 
measured through the round window membrane or through the stria vascularis. Cochlear blood flow was confirmed by intravenous injec- 
tion of India ink. When the perilymphatic pressure was raised to a relatively high level, endocochlear potential decreased, in a similar way 
as in response to anoxia, because of the cessation of the cochlear blood flow. This change was completely reversible upon applications of 
pressure for brief periods of time. We consider that the cochlear blood flow ceases when the fluid pressure reaches the level of intracochlear 


arterial pressure. 


Meniere’s disease is closely related to the fluid 
pressure of the inner ear. Does increased fluid 
pressure interrupt the blood flow of the inner ear? 
Regarding the brain and eye, experimental .and 
clinical data on the relationship between fluid pres- 
sure and blood flow are available. Increased CSF 
pressure reduces the cerebral blood flow and if CSF 
pressure reaches the level of systemic blood pres- 
sure, cerebral blood flow ceases.' Similarly, in- 
creased intraocular pressure interrupts retinal blood 
flow.?3 


Regarding the inner ear, McCabe and Wolsk,* 
Legouix,® and Butler and Honrubia’® raised the in- 
tracochlear pressure and recorded the reduction of 
cochlear microphonics. These experiments were not 
designed to determine the effect of increased in- 
tracochlear pressure on cochlear blood flow. There- 
fore pressures which they applied were relatively 
low and compression of cochlear blood vessels was 
unlikely. Allen et al’ raised the perilymphatic 
pressure to a relatively high level and recorded the 
reduction of cochlear microphonics in cats. They 
stated that it is possible that blood flow might be 
slowed to produce anoxia but it is dangerous to 
make this assumption without direct experimental 
confirmation. Our experiment was designed to de- 
termine whether increased intracochlear pressure 
interrupts cochlear blood flow. We raised the peri- 
lymphatic pressure and recorded endocochlear po- 
tential (EP), which is maintained by the blood flow 
of the stria vascularis. Pigments were injected in- 
travenously to determine whether increased peri- 
lymphatic pressure interrupts the cochlear blood 
flow. 


METHODS 


The subjects for this investigation were guinea pigs weighing 
250-500 g. They were anesthetized by intraperitoneal injection of 
1.5 g/kg body weight of ethyl carbamate (urethane). Tracheos- 


tomy was performed, and the animals were paralyzed with suc- 
cinylcholine chloride. Their pulmonary ventilation was main- 
tained with an artificial respirator throughout the experiment. 
The right tympanic bulla of the animal was opened and the coch- 
lea exposed. The bony wall of the scala tympani or scala vestibuli 
of the basal turn was drilled, and a 30 gauge needle or a glass 
capillary tube with a tip diameter 100-200 4 was inserted into the 
perilymph and fixed to the bone with dental cement to prevent 
leakage. The needle or the glass capillary tube was connected by a 
catheter and a three-way tap to a pressure transducer, with the 
third outlet of the tap communicating with a saline reservoir. The 
perilymphatic pressure could be altered by raising or lowering the 
reservoir along a scale calibrated in centimeters of water (cm 
H,O), and the pressure was recorded continuously and controlled 
by the reservoir. 


For recording the EP, a glass microelectrode filled with 500 
mM KCI solution was used. The microelectrode was electrically 
connected to a DC amplifier (Nihonkoden MEZ-7101) by a wire 
coated with silver chloride. The indifferent electrode was placed 
on the neck muscles. The resistance of the microelectrodes ranged 
from 10 to 50 MQ. 


The relationship between the perilymphatic pressure and the 
EP was studied in 21 guinea pigs. In 17 cases the EP was 
measured through the round window membrane and in four cases 
through the stria vascularis at the third turn. 

We injected gelatine-India ink intravenously in 20 guinea pigs, 
maintaining the perilymphatic pressure at a fixed level. We could 
observe whether or not the India ink appeared in blood vessels of 
the external wall of the cochlea in living animals. To know more 
precisely how the cochlear vascular system was perfused, 2-3 ml 
of air was injected intravenously and the animals were decapi- 
tated. Then both cochleas of the animals were removed and the 
mode of perfusion of the cochlear vascular system was examined 


and photographed. 
RESULTS 


After the pressure needle or the glass capillary 
tube was cemented, the average magnitude of EP, 
which was recorded through the round window 
membrane or through the stria vascularis at the 
third turn, was 73.9 mV or 56.5 mV respectively. 
As long as the perilymphatic pressure was increased 
smoothly, EP showed almost no change at low 
pressure levels. When the perilymphatic pressure 
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Fig. 1. Example of variations in EP and pene nene 
pressure (PP). In this case EP was recorded throwh the 
round window membrane and the pressure capillary tube 
was inserted into the scala tympani. The PP was rad and 
lowered in stages. After the third elevation of the PP, EP 
started to decrease within several seconds, contiaued to 
decline, and turned to negative. After the PP was le wered, 
EP recovered. Complete reversible changes wee seen 
upon applications of pressure for a brief period of ime. 


was raised to a certain level, EP in all £1 cases 
decreased in a similar way as in response tc anoxia 
(Fig. 1). This determinant level of pressure ranged 
from 40 to 85 cm H,O except in one case waere EP 
decreased at 25 cm H,O (Table 1). Rupture of the 
round window membrane did not occur with this 
level of pressure. After having decreasec in this 
way, the state of EP was not changed by cutting off 
the respirator. It was possible to maintain EP at an 
intermediate level with several cm H,O smaller 
pressure below the lowest pressure which could 
decrease EP to negative. 


When the perilymphatic pressure was raised and 
the EP showed a negative value, the injected India 
ink did not appear in the blood vessels of the exter- 
nal wall of the membranous cochlea (Fig. 2}. Neith- 
er did the injected India ink appear in the blood 
vessels of the spiral lamina and limbus. But we did 
find traces of India ink in the blood vessels of the 
acoustic nerve after removal of the bony modiolus 
wall. 


TA3LE 1. EFFECT OF INCREASED PERILYMPHATIC 
PRESSURE ON ENDOCOCHLEAR POTENTIAL 


Pressure to 
Decrease EP 


EP Before as in Anoxia EP by Applied 
Aniarıl Pressure (mV) (cm H0) Pressure * (mV) 
l 80 55 — 24 
2 70 55 — 37 
3 76 fi — 33 
4 56 55 -18 
5 50 55 — 36 
5 76 55 0 
7 58 40) - 9 
3 85 50 — 17 
9 79 45 — 20 
19 80 65 -13 
H 74 65 — 18 
12 78 40) - 5 
13 60 50 — 2] 
l4 60 50 — 10 
ls 60 45 — 38 
l5 78 60 — 20 
17 70 80 - 3 
13 60 45 0 
19 76 25 — 28 
20 68 85 — 20 
21 88 65 — 23 


“Eby the applied pressure does not always mean the bottom of EP be- 
cause fe pressure was released when EP was still decreasing in some cases. 


Encbeochlear potential was measured in the basal turn: for animals 4, 
5, 13 and 14, it was measured in the third turn. 


Pres ure was applied in the scala tympani; for animals 16-18 it was ap- 
plied muethe scala vestibuli. 


DISCUSSION 


Tzsaki et al performed experiments in which 
pressure was forced into the scala tympani and EP 
was neasured simultaneously. They showed that an 
increase in relative pressure in the scala tympani 
causes a decreased electrical positivity in the scala 
med a. Movement in the opposite direction causes 
the cpposite change. As their experiments were de- 
signed to produce a displacement of the basilar 
mem brane, outflow holes were made. In our exper- 
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Fig. 2. External wall of the membraneous e»chlea is seen from insHte. The animal is the same as in Fig. 1. A) While the 
perilymphatic pressure was raised and EP showad negative value, the mjected India ink did not at in the blood vessels. 
S 


B) Contralateral side of the cochlea, the perilymchatic pressure of whicE was not raised. Blood vesse 


dia ink. 


were filled with the In- 
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iment no outflow holes existed and the pressure in 
the scala tympani and scala vestibuli was the same 
as long as the pressure increase was truly static. It 
was also assumed that the perilymphatic pressure 
was passed to the endolymph, probably via Reiss- 
ners membrane.’ In these situations change in EP 
due to displacement of the basilar membrane was 
negligible so far as the perilymphatic pressure was 
raised or lowered smoothly. Konishi et al’? demon- 
strated that EP decreased and became negative by 
occluding the anterior inferior cerebellar artery 
from which the eochlea receives its blood supply. It 
is considered that not only the blood flow of the 
membranous cochlea but also the blood flow of the 
acoustic nerve ceases when the anterior inferior 
cerebellar artery is occluded. In our experiment the 
blood flow of the acoustic nerve might have been 
preserved when the blood flow of the membranous 
cochlea ceased on account of the increased perilym- 
phatic pressure. It is considered that the perilym- 
phatic pressure is not transmitted directly to the 
blood vessels of the acoustic nerve because of the 
bony modiolus wall. 


Various reports have indicated that changes in 
CSF pressure are reflected in the perilymphatic 
pressure and that pressure transmission takes place 
mainly via the cochlear aqueduct.'’? Conversely 
the increased perilymphatic pressure may exert in- 
fluence on the CSF pressure. We observed that peri- 
lymph colored with methylene blue leaked through 
the cochlear aqueduct when the perilymphatic 
pressure was raised. But in our experiment the CSF 
pressure never increased enough to stop the cerebral 
blood flow. even if the blood flow of the membran- 
ous cochlea ceased on account of the increased peri- 
lymphatic pressure. 


It has been shown that reduction of cochlear 
microvhonics occurs when the inner ear pressure is 
increased by applying the pressure to the cochlea or 
by raising the CSF pressure.*^” >" To obtain these 
reductions of cochlear microphonics, compression 
of blood vessels is not always necessary. But it is im- 
portar t to consider the effect of increased inner ear 
pressure on cochlear blood flow when the inner ear 
pressure is raised to a relatively high level. We con- 
sider that the fluid pressure by which the cochlear 
blood vessels can be compressed is equivalent to the 
intracochlear arterial pressure. When the fluid 
pressu-e reaches the level of the intracochlear arter- 
ial pressure, EP decreases in the same way as in 
anoxia because of the cessation of blood flow. As the 
lowest pressure which could decrease EP to negative 
increased little by little during the application of 
pressure, it was considered that the intracochlear 
arterial pressure increased during the interruption 
of the blood flow. This elevation of arterial pressure 
by the increased fluid pressure is generally known in 
the brain and eye, and regarded as an accommoda- 
tion o- the living animal to the increased fluid 
pressure. Therefore it is difficult to measure the 
arterial pressure under normal conditions. But the 
applied pressure which could stop the cochlear 
blood -low was smaller than the blood pressure of 
the lar ze arteries of the body because the arteries in 
the cochlea are small and have a pressure that is 
lower than that of the large arteries of the body. We 
measured carotid artery pressure simultaneously in 
two cases and confirmed this. It was thought that 
the one case in which EP decreased to negative with 
the pressure of 25 cm H,O (18.4 mm Hg) was prob- 
ably related to the decreased systemic blood pres- 
sure, taough the carotid artery pressure was not 
measured simultaneously in this case. 
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Even though “classic migraine” and “complicated migraine” may be diagnosed readily, “common migraine” may be easily confused 
with other types of vascular headaches. This differential :diagnosis is of great importance for the appropriate choice of drug therapy. It is 
frequently stated that family history of migraine and history of motion sickness in childhood suggest that a periodic vascular headache is 
most likely of migrainous origin; although this statement applies to ophthalmoplegic and hemiplegic migraine, it is doubtful that it applies 
to common migraine. In fact, in a pilot study of patients with common migraime, we have observed that family history and history of mo- 
tion sickness in childhood did not contribute to the diagnesis. Vestibular dysfunetions are frequently associated with migraine including the 
common type. Utilizing labyrinthine tests with the aid o electronystagmograp xy, abnormalities of labyrinth function were demonstrated 
in 80% of patients with common migraine who had no history of vertigo or of other otological and neurological disorders. 


The primary motivation for this study wa: due to 
the awareness that although physicians may diag- 
nose quite early classic and complicated migraine, 
there is no definite way to make an objective diag- 
nosis of common migraine, a diagnosis incispens- 
able for the proper choice of drug therapy. 


The association of vertigo and migraine has been 
reported in the literature with several eponyms. 
“Migraine otique”'-5 and “vestibular migraine’®"! 
imply vestibular dysfunction; “cerebellar migraine”!?-'* 
implies dysfunction of the cerebellum and * basilar 
migraine, '*-"’ irritation of the cervical sympathetic 
system and ischemia of the brainstem. 


The association of vertigo and migraine (v=rtigin- 
ous migraine) may occur in several ways.'* 1) Pa- 
roxysmal vertigo may occur in place of a migraine 
attack (migraine equivalent). 2) Attacks of vertigo 
typical of Meniere’s may replace, usually ‘ater in 
life, the attacks of migraine. 3) Attacks of M=niére’s 
and migraine may occur independently in the same 
subject. 


The diagnosis of vertiginous migraine, whether 
classic or complicated, is relatively easy; it will 
rarely mask an underlying vascular malformation, 
since most patients with migraine have normal an- 
giograms. In fact, Pearce and Foster’? found only 
two vascular malformations among 40 cases əf com- 
plicated migraine studied with angiography (6%); 
however the angiograms, except for 2 cases, did not 
include the vertebrobasilar system. When -here is 
some question about the diagnosis of migraire, total 
angiography should be recommended, even if the 
patient has a normal computerized tomography of 
the brain, because with angiography there is less 
chance to miss an aneurysm. 


The following case will illustrate this point. A 
33-year-old nurse with a long history of migraine 
had zecent onset of vertigo attacks which were at- 
tributed to the migraine. Since her mother, who 
had been diagnosed as having vertiginous migraine, 
died of subarachnoid hemorrhage from a ruptured 
basilar artery aneurysm, she specifically requested 
angiograms. These, indeed, revealed an aneurysm 
of the basilar artery (Fig. 1). The classification of 
migraine includes three types: classic, complicated 
and common. 


Even though classic migraine and complicated 





Fig. 1. Right vertebral arteriogram (lateral view). Large 
aneurysm at the bifurcation of the basilar artery. 


From the Department of Neurology, Temple University Health Sciences Center. Philadelphia. 
Presented at the meeting of the American Neurotology Seciety, Palm Beach, Florida, April 12, 1980. 
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migraine may be diagnosed without great difficul- 
ty, common migraine may be easily confused with 
other types of vascular headaches, since patients 
with common migraine do not have the visual pro- 
droma of classic migraine or the neurological find- 
ings of complicated migraine. The headache is fre- 
quently unilateral, pulsating, associated with nau- 
sea, and lasts all day or several days. Patients with 
common migraine have no history of vertigo, but 
frequently have motion sickness in childhood. 
Pearce” reported that 60% of 450 migraine patients 
had motion sickness in childhood. He and others 
state that motion sickness of childhood is a forerun- 
ner of migraine, however it is not known how many 
children afflicted by motion sickness will not 
develop migraine. In our experience the history of 
motion sickness and family migraine does not help 
to diagnose common migraine. However, since ver- 
tigo and vestibular abnormalities occur in classic 
and complicated migraine we believe that patients 
with common migraine, even though having no at- 
tacks of vertigo, might have abnormal vestibular 
function and latent vestibular abnormalities. The 
following pilot study was designed to test this 
hypothesis. 


METHODS 


Twenty patients with a history of headache which had all fea- 
tures characteristic of common migraine were included in this 
study. They had no history of diseases which may cause vertigo or 
other vestibular symptoms. The ages ranged between 20 and 40 
years with a mean of 33. Eighteen patients were female and two 
were male. The histery of migraine varied between six months 
and 30 years, with an average of 16 years. Thirteen patients 
(65%) had histories of motion sickness. Family history of mi- 
graine was positive in 12 patients (60 % ). The neurological exami- 
nation was normal. The patients were given vestibular tests with 
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Fig. 2. Sequential alternating rotatory tests. Normal perrotatory nystagmus (see text). 


the aid of electronystagmography (ENG), audiological tests, tests 
of far field auditory evoked potentials and electroen- 
cephalography (EEG). The vestibular tests included bithermal 
caloric tests with a modified Hallpike technique and rotatory tests 
with sequential alternating rotations at a constant speed of 36°/s. 
The patients had not taken alcohol or drugs for one week prior to 
the vestibular examination. Our technique of ENG has been 
reported in the literature.” The following three figures (Figs. 2-4) 
are shown here to illustrate our technique. Figure 2 shows per- 
rotatory nystagmus induced by an alternating rotation of the pa- 
tient clockwise and counterclockwise at a constant speed of 36°/s, 
each rotation lasting ten seconds. The nystagmus is recorded by 
the upper line. The velocity of the fast and slow phases of the 
nystagmus are recorded separately by the second and third lines; 
the tall spikes are the fast phases and the short spikes are the slow 
phases. 


Figure 3 shows an abnormal perrotatory response, lacking the 
nystagmus each time the patient is rotated leftward (counter- 
clockwise). 


Figure 4 shows two normal nystagmic responses to cold caloric 
stimulations of the right and left ear. The velocity of the fast and 
slow phases of the nystagmus are again recorded separately by the 
second and third lines of the graphs marked AD 30 C and AS 30 
C. The vestibular tests were considered abnormal if the patient 
had abnormal responses to caloric tests performed with water at 
30 and 40 C and/or abnormal rotatory tests. Calorics and rotatory 
tests were considered abnormal if there was one-third difference 
between the same parameters of right and left nystagmus. 


The following report is limited to correlations be- 
tween “common migraine” motion sickness, posi- 
tive history of migraine and vestibular abnormali- 
ties. 


RESULTS AND CONCLUSIONS 


Caloric tests were abnormal in 16 patients 
(80%): 7 had canal paresis and 9 directional pre- 
ponderance. Rotatory tests were abnormal in 15 pa- 
tients; 8 had right directional preponderance, 7 left 
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Fig. 3. Sequential alternating rotatory 
tests: abnormal response with estion 
preponderance of the right beating nys- 
tagmus (see text). 
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Fig. 4. Cold caloric tests of might ear (AD 30 C) ane left ear (AS 30 C) (see text). 


directional preponderance. These abnormalities, 
although not specific, occurred in a significant 
percentage of patients (80%) and were considered 
of important diagnostic value. The lower percen- 
tage (33%) of vestibular abnormalities reported by 
Dursteler'' in a group of 12 patients, is perhaps due 
to the fact that his results were based only on the 
duration of nystagmus and were not recorded by 
ENG. Nevertheless he stated that the frequency of 
abnormal vestibular tests in migraine was signifi- 
cantly greater than in a control group. 


Abnormal vestibular tests were present in 10 of 
the 12 patients with positive family history and in 
10 of the 13 patients with history of motion sickness. 
However, six of eight patients with negative family 
history and six of seven patients with negative 
history of motion sickness had abnormal vestibular 
tests. 


Of the 16 patients with abnormal vestibular tests, 
10 had positive family history of migraine and 10 
had positive history of motion sickness. These 
percentages have poor statistical levels of sig- 
nificance. 


If we recognize that abnormal vestibular tests oc- 
cur in 80% of the patients with common migraine 
and that there is poor statistical correlation between 
vestibular tests and family history of migraine or 


histo- = of motion sickness we should draw a conclu- 
sion tLat these two historical factors (family history 
of migraine and history of motion sickness) are not 
diagnestic of common migraine; yet we know they 
are fo- classic and complicated migraine, especially 
the o¢hthalmoplegic type. 


W= cannot explain the occurrence of vestibular 
abnormalities at a time when the patients are free of 
headæhe. However, abnormal EEG and visual 
evoked potentials are also common between attacks 
of m:¢raine.???3 


The high percentage of abnormal vestibular tests 
(80 % Y found in our patients with common migraine 
is almost twice the percentage of abnormalities 
found in our patients with other types of headache. 
In fax, in a previous study of 874 patients with 
headache following closed head injury and/or neck 
injury we found, using the same ENG technique, 
calore abnormalities only in 47% and rotatory ab- 
normalities in 40%, even though those patients 
were elso complaining of dizziness!*4 In conclusion, 
this plot investigation suggests that labyrinthine 
dysfuretion occurs in a significant number of pa- 
tients with common migraine and that vestibular 
tests, particularly if recorded by ENG, should help 
to differentiate common migraine from other types 
of headache. 
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The etiological diagnosis is indispensable for the 
choice of effective drug therapy; specifically 
analgesics are of little value in treating migraine 
and Cafergot® is not to be used in patients with 
headaches unless these are of the migrainous type. 


Now some comments about the pathogenesis of 
vestibular abnormalities in patients with migraine. 


From the review of the literature it is apparent 
that migraine has been attributed to dysfunction of 
the peripheral autonomic nervous system.” The 
prodroma of the complicated migraine and the aura 
of the classic migraine are attributed to vasocon- 
striction of arterioles and capillaries supplying 
brainstem and cerebral cortex. The headache is at- 
tributed to vasodilatation of extracerebral arteries 
accompanied by local tissue ischemia, sterile in- 
flammation of the vessel walls and local release of 
vasoactive amines. The vertigo attacks are attrib- 
uted to ischemia of the labyrinth or the vestibular 
pathways in the CNS. 


The vasomoter theory is weakened by several 
critical observations: 1) It is not uncommon during 
a migraine attack to witness a variety of neurologi- 
cal signs and symptoms originating in several dis- 
tant areas of the CNS;?° these signs and symptoms 
could not be unequivocally attributed to simultane- 
ous vasoconstriction of several independent blood 
vessels at distant areas of the brain. 2) Even though 
blood flow is increased in the occipital area during 
the aura of migraine?’ there is a 20% decrease of 
cortical blood flew in both cerebral hemispheres at 


the time when the aura is definitely unilateral! 3) 
Visual evoked potentials are reduced simultaneous- 
ly in the occipital and parietal cortex at a time when 
the symptoms are confined to the occipita. region.” 
These few critical observations suggest that 
migraine is due to dysfunction of a system, other 
than anatomic as defined by blood supply. 


Finally it is even more difficult to understand the 
pathogenesis of common migraine on the basis of 
the vasomotor theory, since this variety of migraine 
characteristically lacks the vasoconstrictive phase. 
Therefore either common migraine shouid not be 
included in the classifications of migraine, or the 
vasomotor theory of migraine should be challenged. 


This challenge, in fact, already exists. Several in- 
vestigators agree that all clinical findings and 
laboratory abnormalities associated with migraine 
are caused by a primary metabolic disturbance of 
serotonin?’ in the CNS. 


The evidence for this theory is mostly indirect 
and not unequivocal: during migraine attacks the 
concentration of serotonin in the serum and of 
serotonin metabolites in the urine oscillate. Since 
directly or indirectly serotonin is involved also in 
the control of emotion, sleep estrus, water reten- 
tion, thermal regulation and other brainstem func- 
tions including the proprioceptive system, one may 
expect a variety of clinical findings including 
vestibular abnormalities in all types of migraine, in- 
cluding the common variety. 
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A combined seminar, Ophthalmology and ENT, wi! be held Nov. 30 - Dec. 4, 1981, in Puerto Rico. For further information contact: 
Charles S. McConnell, MD, Cedar Crest Professional Berk, Suite 110, 1251 Seuth Cedar Crest Blvd., Allentown, PA 18103. 
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INTERNATIONAL CONGEESS OF AUDIOPHONOLOGY & GERONTOLOGY 


A Congress entitled “Aging and Communication devoted to the communicative problems of the aged will be held in Besançon, 
France, November 11-14, 1981. Organizational committee: Audiophonology & Gerontology, Faculté de Médicine, 25030 Besancon, 


France. 
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DISCRIMINATION OF PURULENT FROM NONPURULENT 
MAXILLARY SINUSITIS 


CLINICAL AND RADIOGRAPHIC DIAGNOSIS 
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For the rationaltreatment of sinusitis, it is essential to distinguish sinusitis of bacterial origin from that of other etiologies. In maxillary 
sinusitis, antral purulence indicates a significant amount of pathogenic bacteria, whereas the presence of bacteria seems to be of less or no 
relevance in nonpurulent sinusitis. Hence, from a therapeutic point of view one important diagnostic goal is the differentiation of purulent 
from nonpurulent sinusitis. In this respect clinical examination is fairly reliable. Sinus radiography cannot distinguish purulent from non- 
purulent sinusitis and offers few advantages when deciding on antibiotic therapy. Antral aspiration offers the most comprehensive infor- 


mation on which to base a reliable diagnosis. 


Sinusitis is an inflammatory process of the 
mucous membrane lining the paranasal sinuses, and 
is either infectious or noninfectious, purulent or 
nonpurulent. In acute maxillary sinusitis, pneumo- 
cocci, H influenzae and various anaerobic bacteria 
predominate, though sterile sinus secretions are not 
infrequent (15-40 %).'-? If, however, the quality of 
the aspirated secretion is considered and the culture 
findings are related to the appearance of the secre- 
tion, the picture is quite different. Thus, in puru- 
lent antral secretion a sterile condition is extremely 
rare and the bacterial numbers found are signifi- 
cantly higher than in nonpurulent secretion.*° In 
the sealed-off sinus, particularly in patients with 
lingering purulence, the sinus environment may be 
depleted in bacterial nutrients and rich in excretion 
products. Hence, sterile secretions can be expected 
to occur more frequently in sinusitis of extended 
duration. In patients with chronic maxillary sinus- 
itis, Karma et al’ found no bacterial growth in 12% 
of the purulent secretions, but heavy growth in 
72% of these secretions. They established no rela- 
tionship between the bacteriological characteristics 
and the clinical parameters, except for the quality 
of the sinus secretion. In purulent secretions, H in- 
fluenzae was found significantly more often and 
heavy growth tended to be concentrated to these 
cases. 


The etiologies of nonpurulent sinusitis are less 
well documented and the implication of bacteria in 
the pathogenesis is somewhat dubious. Dry sinusitis 
has not been subjected to accurate bacteriological 
studies, but heavy mucosal growth of pathogenic 
bacteria without a strong local inflammatory reac- 
tion and suppuration seems unlikely. In sinus poly- 


posis etiologies other than microbial must be con- 
sidered. In serous antral sinusitis vital and 
pathogenic bacteria can be isolated from aspirated 
serous secretions, but in amounts not exceeding 1 % 
of the bacterial numbers found in purulent sinus 
secretions.*> Furthermore, about half of the serous 
secretions appear to be sterile. The antral inflam- 
matory reaction associated with the serous sinusitis 
is slight, which is reflected by the low concentration 
of neutrophilic granulocytes in the secretion, ie, 
1,000th of the number found in purulent sinus se- 
cretion.** This slight inflammatory reaction sup- 
ports the suggestion that bacteria in serous sinus se- 
cretions merely represents a secondary bacterial oc- 
currence or a preinfectious phase rather than a pure 
bacterial infection. Nevertheless, serous sinusitis is 
of differential diagnostic interest, as it gives rise to 
local symptoms and as some 20% of the patients 
with retained antral secretion have a serous sinus- 
itis.” 

The clinician has to find clinical parameters and 
diagnostic tools to distinguish the bacterial infec- 
tion from other inflammatory disorders. In sinus- 
itis, clinical criteria indicating a bacterial infection 
would facilitate the immediate choice of appropri- 
ate treatment and minimize the indiscriminate use 
of antibiotics. History and signs of purulence seem 
to be the best clinical criteria for sinus empyema. 
To compare the ability of the clinician to distin- 
guish the antral empyema with the efficacy of the 
sinus radiography to predict such a condition, a di- 
agnostic antral aspiration was performed. By this 
method it is possible to differentiate between puru- 
lent sinusitis, nonpurulent sinusitis and the healthy 
sinus.® In this paper, the results have been based on 
patients with a rather extended history of sinusitis. 
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TABLE 1. CLASSIFICATION OF RADIOGRAPHIC 
INFORMATION 


I. No mucosal thickening; no fluid 

II. Mucosal thickening <0.5 cm or solitary polyp but ne fluid 
III. Mucosal thickening >0.5 cm but no fluid 
IV. Attenuating tissue or fluid occupying the sinus or fluïd level 


MATERIAL AND METHODS 


Selection of Patients. From patients with a suspected sinusitis 
or referred to us with this diagnosis, those patients were selected 
who fulfilled the following criteria: 1) various symptoms indica- 
ting sinusitis regardless of intensity, eg, pain, discomfort or 
tenderness located to the maxillary sinus, mastication pain, nasal 
discharge, cacosmia and nasal obstruction; 2) duration ef symp- 
toms exceeding three weeks; 3) no antibiotic medication during 
the previous month; 4) no decisive diagnosis other tham sinusitis 
explaining the symptoms (eg, nasal furunculus, peridental abs- 
cess, trigeminal neuralgia, Horton’s syndrome, nasal or paranasal 
neoplasia). 


Clinical Evaluation. All patients were examined by an 
otolaryngologist. He had to consider not only whether the patient 
suffered from maxillary sinusitis, but also to specify the diagnosis 
in terms of purulent (empyema) or nonpurulent sinusitis. The si- 
nusitis was considered as definitely not purulent when there was 
no history of purulent nasal discharge and no nasal or epiphar- 
yngeal pus at examination. The sinusitis was considered as pro- 
bably not purulent when there was a history of the purulent 
discharge but without a finding of nasal or epipharyngea! pus. On 
the other hand, the sinusitis was considered as probably purulent 
when there was no history of purulence but nasal or epipharyn- 
geal pus on examination. The combination of history of purulent 
discharge and the finding of nasal or epipharyngeal pus was con- 
sidered to indicate that the sinusitis was definitely parulent. 
History and clinical signs were also recorded with regard to nasal 
allergy and vasomotor dysfunction (eg, watery nasal fluor with or 
without seasonal variations, pale or bluish and congested tur- 
binates, nasal polyps). 


Radiographic Evaluation. Sinus radiography was performed 
one to seven days following the clinical examination. Four stan- 
dard projections were used: lateral, occipitofrontal, occipitomen- 
tal and axial. The results as they refer to the actual maxillary sinus 
were classified according to the principles given in Table 1. Pro- 
nounced mucosal thickening (III) and fluid or complete-opacity 
(IV) were considered to indicate or at least be consistent with a 
purulent sinusitis. 


Antral Aspiration. To compare the ability of the otolaryn- 
gologist to distinguish the antral empyema with the efficacy of 
sinus radiography to predict such a condition, an antral aspiration 
was performed immediately following radiography. Unaware of 
the radiological results, the maxillary sinus most affected accor- 
ding to the clinician was selected for puncture. With a needle in- 
troduced through the inferior nasal meatus, the mucosal and bony 
walls were palpated and retained secretion or air was aspirated 
with the head in tilted position. The antral aspiration technique is 
described in detail elsewhere.* By using this technique instead of 
irrigation, the mucosal thickness and the ostial patency could 
roughly be estimated. The aspirated secretion was characterized 
undiluted according to its appearance as purulent, ie, opaque and 
discolored yellow or green and of various viscosity (seropurulent, 


TABLE 2. CLASSIFICATION OF THE RESULTS OF 
ANTRAL ASPIRATION 


No sinusitis 





No retained secretion, no mucosal 
thickening, patent ostium 

Serous or mucous secretion and/or 
mucosal thickening and/or ostial 
obstruction 


Purulent secretion 


Nonpurulent sinusitis 


Purulent simasitis 


TABL=-3. RELATIONSHIP BETWEEN CLINICAL AND 
RADIOGRAPHIC EVALUATION 


Radiographic Evaluation 


C.iaecal Evaluation I II III IV_ Total 
Definite, not purulent 

sinusitis 3 T 9 19 
Probab ¥ aot purulent 

simsatis 3 2 l 2 8 
Probab ¥ durulent 

simusatis l 4 5 
Definite 4 purulent 

simusstis 3 15 18 


Tcta number of patients 3 5 12 30 50 


mucøpuaxdent); serous, ie, transparent yellow of low viscosity 
with the -apacity to gel; or mucous, ie, semiopalescent grey of 
high viscosity. This classification has previously been shown to re- 
flect relevant quantitative and qualitative differences of the 
bacteria. content in the secretions and also to reflect significant 
differeness of the inflammatory response.** The diagnoses based 
on antra -spiration are given in Table 2. 


RESULTS 


Accceding to the criteria given, 50 patients were 
selected, 22 female and 28 male with an average age 
of 46 rears. In 14 of the patients, the duration of 
symptcms exceeded one year. The median duration 
was thwee months. The antral aspiration yielded 
purule secretions from 25 patients, mucous from 2 
and serous from 7 patients. Dry antra but with 
thickered sinus mucosa and/or obstructed ostium 
were d -closed in eight cases. In the remaining eight 
patien*s the result of the aspiration was consistent 
with a healthy sinus. Hence, of the 50 patients con- 
siderec clinically to have maxillary sinusitis, 42 had 
purulest or nonpurulent sinusitis according to the 
antrai aspiration. 


The dlinical and the radiographic evaluations are 
compæ=d in Table 3. All patients considered by the 
clinic'za to have a purulent sinusitis had a patho- 
logical radiography classified as III or IV. Never- 
theless she correlation between the two examina- 
tions i: not particularly impressive, as 16 of 19 pa- 
tients <onsidered definitely not to have a purulent 
sinusit s fell into radiographic categories III or IV. 


In Table 4, the specified clinical diagnoses are 
compared to the aspiration findings. Eight patients 
with a aealthy antrum, according to the aspiration 


TABLE 4. COMPARISON OF CLINICAL EVALUATION 
AND FINDINGS ON ASPIRATION 


Findings of Antral Aspiration 





Normal Nonpurulent Purulent 

Clinicel 2valuation Sinus Sinusitis Sinusitis 
Definite ~ not 

pumdent sinusitis 3 13 3 
Probabknot purulent 

sin aatis 5 2 l 
Probabk purulent 

sina atis l 4 
Definite ~ purulent 

sin aatis l 17 


Total number 
of patients 8 17 25 
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TABLE 5. RADIOGRAPHIC EVALUATION AND ANTRAL 
ASPIRATION FINDINGS 


Findings of Antral Aspiration 


Normal Nonpurulent Purulent 
Radiographic Evaluation Sinus Sinusitis Sinusitis 
I 3 
Il 4 l 
III ] 6 5 
IV 10 20 
Total number 
of patients 8 I7 25 


were considered to suffer from sinusitis, although 
nonpurulent. In 17 patients with nonpurulent si- 
nusitis, this diagnosis was proposed by the clinician. 
In 25 patients with purulent sinusitis the clinician 
was correct in 21 cases. 


In Table 5 the results of the radiographic evalua- 
tion are compared to the diagnoses obtained by as- 
piration. If classifications III and IV are considered 
to indicate purulent sinusitis, then all 25 patients 
with an empyema were identified by the sinus radi- 
ography. However, in 16 of 17 patients with non- 
purulent sinusitis, the radiological suggestion of 
purulent sinusitis was erroneous. 


History and signs of nasal allergy or vasomotor 
rhinitis were disclosed in 23 of the 50 patients 
(Table 6). In particular, allergy and vasomotor 
rhinitis were recognized in patients with non- 
purulent sinusitis as judged from the findings of the 
antral aspiration, but such symptoms and signs did 
not exclude the occurrence of antral suppuration. 


DISCUSSION 


Opinions vary on the diagnostic potential of sinus 
radiography in maxillary sinusitis. In previous re- 
ports, the definition of sinusitis has sometimes been 
vague and the radiographic findings have often 
been compared to those of antral irrigation. Vuori- 
nen et al found sinus radiography to be a fairly ac- 
curate diagnostic method.’ Watt-Boolsen and Karle 
demonstrated that their routine radiography was 
affected by false positive (29-45%) and false 
negative (24% ) results with regard to antral fluid."° 
Axelsson et al found radiography unreliable unless 
the examination was complemented by an occipito- 
mental projection with the patient in a tilted posi- 
tion to accumulate retained secretion to the zygo- 
matic recess.'! On the contrary, Kalm et al found 
good agreement between radiography and aspira- 
tion/irrigation findings, but found no benefit of this 
extra projection.' On the basis of bacterial analyses 
of aspirated antral secretion, Evans et al* and Ham- 
ory et al? found radiography a reliable method in 
the diagnosis of acute maxillary sinusitis. By 
sinoscopy, Illum et al found that the presence of 
sinus discharge was incorrectly diagnosed by radi- 
ography in 38% of the patients.’? Draf drew similar 
conclusions from sinoscopy, but he also claimed 
that the diagnostic antral irrigation can give false 


TABLE 6. OCCURRENCE OF NASAL ALLERGY OR 
VASOMOTOR RHINITIS IN RELATION TO DIAGNOSIS 
OBTAINED BY ANTRAL ASPIRATICN 


Nasal 
Total Allergy or 
Diagnosis by Number of Vasomotor 
Antral Aspiration Patients Rhinitis 
Purulent sinusitis 25 5 
Nonpurulent sinusitis 17 15 
Normal sinus 8 3 
Total number of 

patients 50 23 


information concerning the character of the inflam- 
mation.’? 


There are few reports on the clinician’s diagnostic 
precision in sinusitis. Evans et al founc precision 
rather poor but their clinical routines and findings 
were not given.’ Based on a detailed clinical ex- 
amination, Axelsson and Runze concluded that the 
otolaryngologist hardly can discriminate acute 
maxillary sinusitis from simple rhinitis, but found 
sinus radiography reliable enough for therapeutic 
decisions.'* Unfortunately, no attention was paid to 
etiological considerations and the character of the 
sinus inflammation was not further evaluated. 
Hence, the results are somewhat inconclusive, ex- 
cept that the ability of the otolaryngologist to 
predict changes within the sinuses as they appear on 
the radiograms is inferior to that of the radiologist. 


During the viral stage of the upper respiratory in- 
fection, the paranasal mucosa may be hyperemic 
and the permeability of the vascular endothelium 
increases. Mucosal edema and exudate are formed. 
Goblet cells and seromucinous cells of the antral 
mucosa are stimulated to produce copious secretions 
mainly of serous character.'S This mucosal thicken- 
ing and the fluid can be seen on the radiogram. As 
the sinus fails to drain freely through the swollen 
ostium, the antral environment changes to favor 
bacterial replication.'® A sinus empyema is formed 
and will show on the radiogram. In patients with 
nasal allergy or vasomotor dysfunction the nasal 
and paranasal mucosa may be congested and the 
production of serous secretion is not necessarily re- 
stricted to the nose, but will be found also within 
the sinus. Polyposis can engage the nasa. or para- 
nasal cavities or both. The antral cavity filled with 
polyps will give rise to complete opacity on the 
radiogram. These pathological sinus reactions can 
be described as sinusitis according to its cefinition, 
except possibly for the vasomotor dysfunction. All 
these inflammatory conditions of the sinus can have 
the same reflection on the radiogram, but only 
those of bacterial origin fulfill the criterion of an- 
tibiotic therapy. 


Sinus empyema is of bacterial origin. Hence, the 
subjective and objective findings of nasal and 
epipharyngeal purulence were assumed to reflect 
the purulent sinusitis better than other local symp- 
toms. The result of the clinical examinations jus- 
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tified this assumption, as most of the patiens with 
purulent sinusitis were recognized. All these pa- 
tients were also recognized by radiography. Sut, of 
the 17 patients with nonpurulent sinusitis _6 pa- 
tients were “overdiagnosed” (Table 5), unle= small 
volumes of pus were overlooked. The possibility of 
this error seems small, however, as previously 
demonstrated in patients who underwent an-ral ex- 
ploration immediately following the antral spira- 
tion.® The aspiration, in contrast to the irrization, 
provides the secretion undiluted which will facili- 
tate its characterization. Serous secretion aad also 
purulent secretion of low viscosity are not easily dis- 
tinguishable when diluted in a large volume of sa- 
line. 


The etiological implication of bacteria ï non- 
purulent sinusitis without heavy inflamme-ion is 
unknown, and further data are required, particu- 
larly in dry sinusitis. Hence, there is no definite 
answer to the question of the indication of amtibiot- 
ic therapy in these cases. However, since 1= of 17 
patients in this study who suffered from nawpuru- 
lent sinusitis had symptoms and signs of nasz aller- 
gy or vasomotor rhinitis, a majority of thse pa- 
tients would probably not benefit from ancibiotic 
therapy. In serous sinusitis as well the indice -ion of 
antibiotic treatment is questionable. The few bac- 
teria in the serous secretion, if any, do not seem to 


grow -xponentially.* Hence, their susceptibility to 
comrem antibiotics may be poor. Furthermore, ser- 
ous sir asitis is usually cured by one or two antral as- 
pirat_eas.® 


Irreversible lesions of the sinus mucosa with a 
crippl ag of the local host defense can be the conse- 
quen= of recurrent purulent sinusitis or untreated 
prolor zed empyema." In patients with this history, 
the siresitis must not remain undiagnosed. Sinus ra- 
diogrephy is a complement to the clinical examina- 
tion, æt may lead to wrong conclusions. Radiog- 
raphy discriminates between sinusitis in its broad 
sense aid the healthy sinus, but has per se no other 
diagnetic preference to the clinical examination in 
differeatiating patients who require antibiotic 
therap~ from those who do not. As the indication 
for arfibiotic therapy is based on the existence of 
signifcant growth of pathogenic bacteria, and as 
such =cterial growth in sinusitis is closely cor- 
related to purulence, a diagnostic distinction of 
puru_eat from nonpurulent sinus affection seems to 
be tke most rational goal for diagnostic efforts in 
patien suspected of sinusitis. The clinical inter- 
pretation, especially when symptoms and signs of 
purueace are stressed, has a definite diagnostic 
value. dut is not always sufficient. Antral aspiration 
offers eomprehensive information to ensure the di- 
agnos= and in addition is simple to perform. 
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CEREBELLAR DYSFUNCTION 
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Adaptation of the vestibulo-ocular reflex (VOR) was studied in 26 normal subjects and 15 patients with cerebella: lesions, using 
horizontal vision-reversal prisms. In normal subjects, adaptation of gain after wearing prisms for one hour was approximaely 50% of the 
VOR value in the dark. In contrast to this, patients with cerebellar lesions shewed less adaptation, approximately 20% avter a one-hour 
forced adaptation task. These cases showed three different types of abnormalities: 1) high gain before wearing prisms and nermal adapta- 
tion, 2) high gain before wearing prisms and reduction of adaptation, 3) normal gain and reduction of adaptation. From these results, it is 
suggested that observation of the effect of vision-reversal prisms on the VOR may permit the detection of cerebellar lesicns of a type or 


subtlety which escape established tests. 


The vestibulo-ccular reflex (VOR) helps maintain 
a stable retinal image by generating compensatory 
eye movements-to offset the effects of head rotation. 
Recent physiological experiments have revealed 
that the visual inputs and vestibular inputs are in- 
tegrated in the vestibulocerebellum, and estab- 
lished that the vestibulocerebellum plays an impor- 
tant role in producing an adequate VOR.'* Fur- 
thermore, recent observations on human subjects 
and animals wearing reversing prisms have clearly 
established that the VOR is plastic and adaptive in 
nature.°’ In the cat, Robinson'® demonstrated that 
the plasticity of the VOR was abolished after re- 
moval of the vestibulocerebellum, and he con- 
cluded that the vestibulocerebellum is necessary for 
the plastic and adaptive process of the VOR. 


On the basis of these studies, it can be expected 
that the observation of adaptation of the VOR to re- 
versing prisms may lead to detection of cerebellar 
dysfunction. The present study was undertaken to 
examine clinical applications of the adaptation of 
the VOR to reversing prisms. Both normal subjects 
and patients with cerebellar lesions were tested. 
The test time was limited to one hour so that it 
would neither be too long nor too demanding for 
the subjects. 


METHODS 


Normal subjects consisted of 26 adults (12 males and 14 fe- 
males), ranging in age from 19 to 34 years, who were free from 
vestibular and oculomotor disorders. Subjects sat on a chair 
which was rotated sirusoidally in a horizontal plane at 0.25 Hz 
and 30° angular amplitude. Eye movement (E), eye velocity (E) 
and head movement (H) were recorded, using electronystagmo- 
graphy. Calibrations cf E were performed before and after the ex- 
periment. 


The test sequence is illustrated in Figure 1. Fist, the subjects 
were asked to watch a small, dim light fixed appro: mately 2 m in 
front of the chair in the darkened room (base line) Next, the sub- 
jects’ eyes were covered by blackout goggles (initial VOR). After 
that, the subjects wore prisms which reversed images in the hori- 
zontal plane. During the image-reversal conditicn, the subjects 
were also asked to watch the dim light. Every 15 minutes the sub- 
jects wore the blackout goggles over the reversing prisms. E, E, 
and H were recorded six times as indicated by the Faded areas in 
Figure 1. Each recording consisted of 10 to 20 smusoidal rota- 
tions. Subjects did mental arithmetic to maintain @ ertness during 
recordings. The experiment was carried out in d rkness, except 
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Fig. 1. Schematic diagram of experimenta: sequence 
and subject condition. VOR measurements were made in 
the blackout conditions (shaded ane and expressed as 
gain relative to measurements in base line corcition. The 
schemata of the subject's conditions are illustrated on the 
rigat and connected with solid lines. 
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Fig. 2. Means (filled circles) and standard devia- 
tions (vertical bars) of the sequential VOR gain and 
phase changes during 60 minutes of forced reversal 
vision. A) Gradual and remarkable decreases of 
gain after wearing reversal prisms are noted, but B) 
no significant changes are observed in the phase of 
VOR. IL - Initial pets (VOR in darkness before 
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for the small, dim, target light used for foveal stimulatien during 
forced adaptation, in order to avoid nausea during oseillation. 
Only four subjects became slightly nauseated. During forced 
adaptation, E, E, and H were monitored to ascertain that the sub- 
jects watched the target as instructed. 


Gain and phase of the VOR were calculated for each subject as 
follows. The relative VOR gain (G) was estimated as the ratio of E 
in the base line condition (Egaze) to Ein the eyes-covered condi- 
tion (Ex), VOR gain = Ex/Egaze. Since VOR gain in this frequen- 
cy range is close to one in the base line condition (E= head veloc- 
ity),’'° this estimation of the relative value seems to be reason- 
able. In order to observe net adaptation, the adaptation index was 
also calculated. The adaptation index can be expressed as the ratio 
of “initial VOR” gain to gains after 15, 30, 45, and 60 minutes of 
wearing prisms. Phase was determined at the zero crossing. Phase 
was calculated as the value in each condition (ex) relative to the 
phase in the base line condition (e gaze), VOR = ex-8 gaze. 
Gain and phase values were based on the means of at least eight 
cycles. 


RESULTS 


Means and standard deviations of VOR gain 
changes in darkness are illustrated in F igure 2A. 
VOR gains during the reversal gaze condition in the 
intervals between the blackout test period were the 
same as in the normal gaze condition, but 180° out 





Fig. 3. Sequential changes of gain and 
hase of VOR in patients with cerebellar 
Leslons A) VOR gain changes from 15 pa- 
tients. Shaded area indicates normal 
range m standard deviations) from 26 
normal subjects. Before wearing prisms 
(IL), only a patients exhibit normal 
values. After one-hour adaptation, all pa- 
tients show higher gain than normal val- 
ues. B) VOR phase changes from 15 pa- 
tients. Shaded area lid oaie: normal 
range. Except for a few subjects, most of 
patients show normal values. 


GAIN 
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of pse. Mean VOR gain in darkness was 0.65 
before the reversal gaze period. After forced adap- 
tation by left-right reversal, VOR gain gradually 
decreased as illustrated in Figure 2. Gains after 15, 
30, 4€, and 60 minutes of wearing reversal prisms 
were 1.45, 0.38, 0.38, and 0.33, respectively. The 
adaptation index of each subject was also calculated 
(VOR gain after reversal gaze/initial VOR). Mean 
value: of the adaptation index after 15, 30, 45, and 
60 miautes were 0.69, 0.58, 0.58, and 0.52, respec- 
tively 


The relative values of the VOR phases are il- 
lustraced in Figure 2B. Means and standard devia- 
tions ef the VOR phases in darkness before and after 
wearing prisms (15, 30, 45, and 60 minutes) were 
J.1+ 9.9, 5.9414.1, 7.44 20.7, 9.4+ 13.4, and 
10.54 16.4, respectively. Statistically, no signifi- 
cant cifference was found between any two pairs (t 
test). 


CLINICAL APPLICATION 


Fifteen subjects with cerebellar lesions confirmed 
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Adaptation Index 





TIME (minutes) 


Fig. 4. Sequential changes of VOR adaptation index. 
Shaded area indicates normal range (two standard devia- 
tions) of adaptation index. Three cases (cases 1, 9 and 15) 
show normal adaptation after one hour. The other 11 cases 
exhibit reduction of adaptation. Numbers (1 to 15) on right 
indicate case numbers. 


by neurotologieal examinations, including nystag- 
mus observations, optokinetic nystagmus (OKN) 
test and eye-tracking test, and x-ray studies, mainly 
CT scan, were tested. The test method was the same 
as for normal subjects. The diagnoses of these cases 
were cerebellar atrophy (6), acoustic tumor (2), 
vascular origin (bleeding, 1; thrombosis, l; 
aneurysm, l; and arteriovenous malformation, 1), 
astrocytoma (2) and metastatic tumor (1). 


The VOR gain changes from the 15 cases are il- 
lustrated in Figure 3. The mean VOR gain in 
darkness was 0.85 before wearing reversing prisms. 
This value was higher than that of normal subjects 
(0.65). However, 4 among 15 cases showed normal 
values in this situation. Means and standard devia- 
tions 15, 30, 45. and 60 minutes after wearing 
reversing prisms were 0.664+13.0, 0.704 16.0, 
0.69+0.16, and 0.68+0.17, respectively. These 
values were clearly higher than those of normal sub- 
jects (p< 0.001). Also, no abnormal subjects had a 
normal range value after one hour of vision rever- 
sal. This may be due to the higher value of the gain 
before wearing reversing prisms. To allow for this 
higher initial level, the adaptation index was 
calculated as described in the Methods section. 
Means and standard deviations of the adaptation 
index from normal subjects and those from each 
case of cerebellar lesion are shown in Figure 4. 
From the above-mentioned results, three different 
pathological conditions were noted. Eleven among 
15 cases showed abnormally high gain before wear- 
ing reversing prisms (Fig. 3). Three of the 11 ex- 
hibited normal VOR adaptation (Fig. 4). The other 
4 of 15 cases showed normal values of VOR gain in 
darkness before wearing prisms (Fig. 3), but reduc- 
ed VOR adaptation was observed. These different 
conditions are summarized as 1) higher initial level 
and normal adaptation (cases 1, 9 and 15); 2) higher 
initial level and reduced adaptation (cases 2, 4-7, 
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Fig. 5. Means and standard deviation of the sequential 
VOR gain (left) and the adaptation index (right) changes 
dur ng 60 minutes of forced reversal vision. Open trian- 

les, open squares, and open circles indicate respectively 
the means of the values from the cases which showed three 
different types of pathological responses, ie, 1) higher ini- 
tial level and normal adaptation, 2) higher initia! level and 
dec-eased adaptation, and 3) normal initial level and 
decreased adaptation. Filled circles - Means of values from 
26 mormal subjects; IL - Initial level. 


and 12-14); and 3) normal gain of initia! level and 
reduced adaptation (cases 3, 8, 10 and 11). Means 
and s-andard deviations of the VOR gain changes 
and adaptation index changes from each pathologi- 
cal condition mentioned above are demonstrated in 
Figure 5 together with normal values. 


Phase changes of VOR are illustrated in Figure 
3B. Means and standard deviations of phase 
changes in darkness before and after (15, 30, 45, 
and 60 minutes) wearing reversing prisms were 
9.44 16.0, 14.94 20.4, 7.94 15.6, and 14.44 19.4, 
respectively. No statistical difference between these 
values and values from normal subjects was observ- 


ed. 


The reports of three cases which showed three 
different types of gain changes, ie, 1) higher initial 
level and normal adaptation; 2) higher initial level 
and reduced adaptation; and 3) normal initial level 
and reduced adaptation, are described below. 


CASE REPORTS 


Case 1. Cerebellar Atrophy. A 39-year-old male was seen in 
October 1979, with a three-year history of progressive difficulty 
in walking. The general physical examination was normal. The 
neurotelogical examination showed a moderate degree of distur- 
bance n balance and vertical nystagmus in the positioning nys- 
tagmus test. Caloric and optokinetic responses were normal. 
Smooth pursuit movements of the eye were severely disturbed. He 
showec normal hearing in standard pure tone audiometry and 
normal auditory brainstem responses. There were no abnor- 
malities in muscle power or development. Coordination testing 
showec dysmetria bilaterally. His gait was wide-based and atax- 
ic. CT scan showed mild atrophy of brainstem and cerebellum 
(Fig. 6A). 


The zains of VOR are illustrated in Figures 3 and 4. Gains dur- 
ing adeptation to vision reversal were 0.59, 0.53, 0.71, and 0.65, 
respectively. The initial VOR gain in darkness was high (1.12) 
compared to normal subjects (mean 0.65), but the adaptation in- 
dex after one hour of vision reversal was normal (0 58). 
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Case 2. Astrocytoma of the Cerebellum A 41-year-old male was 
seen in August 1979. He had noticed dizziness during head move- 
ments. This had been associated with progressive dificulty in 
walking. The general physical examination was normal. The 
neurotological examination showed a moderate degree of distur- 
bance in balance, and gaze-directional and directional-changing 
nystagmus in the positional nystagmus test. OKN was alnost nor- 
mal but smooth eye movements were severely dysmetmc. There 
were no abnormalities in muscle power or development. He had 
normal hearing on pure tone audiometry and norma! auditory 
brainstem responses. CT scan showed a large low density area in 
the center of the cerebellum, slightly deviated to the eft (Fig. 
5B). 


The gain changes of VOR are illustrated in Figures 3 and 4. 
The initial level was 0.81 and gains during adaptation were 0.62. 
0.62, 0.62, and 0.57, respectively. The adaptation imdex was 
higher than in the normals, being increased 0.77, 0.77, @.77, and 
0.70, respectively. 


Case 3. Cerebellar Bleeding. A 24-year-old male was seen in 
April 1979. He had a history of having injured his head while ski- 
ing one month before. He had no loss of consciousness but re- 
ported nausea, vomiting, general weakness, and oscillopsia im- 
mediately after the accident. Also, he noticed difficult, in walk- 
ing and in coordinated movements of his left hand. He had a se- 
vere disturbance of balance (falling down to the right) and posi- 
tional nystagmus. There was mild depression of slow >hase eye 
velocity in left OKN but no disturbance of smooth purs iit move- 
ments. He had normal hearing on audiometry and normal caloric 
responses. The cranial nerve examination was normal b it he had 
slowing of rapid alternation and dysmetria in the left sand and 
leg. On CT scan (Fig. 6A) there was a low density area in the 
cerebellum, deviated anteriorly and laterally to the lest. It was 
smaller than in the previous case. 


The VOR gain changes are demonstrated in Figures 3 and 4. 
The initial level was 0.75, and gains after 15, 30, 4= and 60 
minutes of wearing reversing prisms were 0.55, 0.60, @.60, and 
0.55, respectively. The initial level was within the normal range 
and the adaptation index was higher than in the normals, being 
increased 0.73, 0.80, 0.80, and 0.73. respectively. 


DISCUSSION 


Plastic changes of cerebellar function in the ves- 
tibulo-ocular reflex from the experiments using re- 
versal prisms have been extensively stucied in 
human subjects,*7 monkeys,’ and cats.*:'° Gonshor 
and Melvill-Jones’ reported that in the human sub- 
jects the VOR gain declined substantially during 
the first two days of vision reversal; reduction of 
gain continued, reaching a minimum by the end of 
one week at about 25% of normal value. 


Fig. 6. A) (Case 1) CT scan shows mild 
atrophy of brainstem and cerebellum and 
moderate enlargement of the fourth ven- 
tricle. B) (Case 2) CT scan shows large, 
low density area in the cerebellum with 
small, high density area in the edge of the 
low density area. C) (Case 3) CT scan 
shows low density area in the left cerebel- 
lopontine angle and cerebellar hemi- 
spliere. 


Rot inson” reported the mechanisms of the adap- 
tive g-in control of VOR from lesion-making exper- 
ime- in cats that chronically wore left-right vision 
reveal prisms. He observed gain increase and abo- 
lition of the plastic changes after removal of the ves- 
tibulscerebellum. From these results he concluded 
that ke adaptation process is dependent on the ves- 
tibulscerebellum. 


In -he present study, normal subjects showed 
rapic adaptation of gain while wearing reversing 
prism:. The reduction was to about 50% of the nor- 
mal ¥.lue at the end of one hour of sinusoidal rota- 
tion simulation. This is more rapid than the values 
reposted by Gonshor and Melvill-Jones,’ perhaps 
becam e in our experiment the subjects were asked 
to wach a target light during rotation and in their 
study -he subjects did not receive a forced adapta- 
tion sk. Furthermore, their observations of VOR 
gain were made daily and ours were every few 
min Es. 


Regarding phase changes, the present study 
showed none within one hour. Since the phase 
changes are reported by Gonshor and Melvill-Jones’ 
to sta~ slowly, this finding seems reasonable. 


In $e present study, 11 cases among the 15 with 
cerebdlar lesions showed high gain in the eyes- 
covee=] condition in the dark. This abnormally 
high Sain has been already reported by Zee et al" 
and E aloh et al.'? They speculated that the cause of 
this paenomenon is the lack or reduction of cere- 
bella: inhibitory function in the VOR. 


The among these 11 cases showed normal adap- 
tatio% after wearing prisms. This fact suggests that 
the mechanism of VOR gain control in darkness and 
the = eess of adaptation to reversal vision have dif- 
fere anatomical localizations. This speculation is 
furt © supported by the findings of the present 
study. Four cases exhibited normal VOR gain of in- 
itial -vel and showed decreased gain adaptation 
while .vearing prisms. Nine other cases showed both 
higher initial level and decreased adaptation. The 
anatcmical locations of the lesions in these cases 
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were roughly identified by CT scan. Three cases 
which showed hicher initial level and normal adap- 
tation had mild atrophy in both brainstem and 
cerebellum. On the other hand, the four cases 
which showed no-mal VOR gain of initial level and 
decreased adaptation had lesions deviating to the 
one side of the cerebellum. Of the eight cases which 
showed higher iritial level and decreased adapta- 
tion, most had w despread or midline lesions of the 
cerebellum. 

There are several useful neurotological test meth- 
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ods, such as the visual suppression test’? and VOR 
examination test,''? for detecting cerebellar dys- 
function. However, although these tests are able to 
detect dysfunction of the VOR arc, they cannot 
identify more precisely the anatomical or functional 
site of the cerebellar lesions. On the basis of the 
present study, it may be possible, by observation of 
the adaptation of the VOR to vision-reversal pris- 
ms, to detect cerebellar lesions which are. by their 
nature or subtlety, impossible to find with estab- 
lished tests. 
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CHRONIC EFFECTS OF PHASIC MIDDLE EAR PRESSURE CHANGES 


J. M. MILLER, FED 
A. AXELSSON, MD W. POTTER, BA 


SEATTLE, WASHINGTCN 


In an attempt to better define the mechanisms of berotrauma, middle anc inner ear pathology was studied in guinea pigs three weeks 
following exposure to a brief, sudden middle ear pressure change. Findings incladed tympanic membrane perforations (particularly depen- 
dent upon high negative pressure exposures), vascular hemorrhage (primarily dependent upon high positive pressure exposures), 
serosanguineous effusions (predominantly dependent upon infection) and sersus effusion (dependent upon negative pressure exposure), 
Round window perforations were common in high press are animals with infeetion. Other inner ear membrane changes were infrequent or 
minimal. Lymphatic hemorrhage was observed as æ function of exposure. The clinical implications of these findings and possible 
mechanisms underlying these changes are discussed im -rms of our previousk reported study of the immediate effects of such pressure 
change. 


The mechanisms and treatment of barotreuma in 2) rcund window (RW) perforation;!’ 3) hemor- 
man is of long-standing otologic concern. Based rhage;*-718-20 and 4) gas bubble formation 5-6-20 
upon behavioral and clinical studies in man and Recently, tympanotomy has been performed in 
histological findings in animals, the mecharisms of humen cases with clinical symptoms of sensorineu- 
barotrauma may be described in terms of middle ral hearing loss, vertigo and nystagmus following 
ear (ME) and inner ear (IE) pathology. Micdle ear barctrauma experiences. A frequently reported 
changes have often been graded. For examrle, Ed- find:æg has been round and oval window fistu- 
monds and Thomas! suggest: grade 0) symptoms las." ™ 12-21-30 Tt is somewhat surprising that tym- 
without signs; grade 1) injection of the ty npanic pane*omy was not performed before 1971 in these 


membrane (TM); grade 2) injection plus slight patieats, given the long and enthusiastic history of 
hemorrhage within the substance of the TM: grade ME surgery. One explanation for this may be that 


3) gross hemorrhage within the substance of the exper mental studies suggested a primary etiology 
TM; grade 4) free blood in the ME evidenced by a of hemorrhage in the IE or membrane breaks, con- 
bluish, bulging drum and a possible fluid level: and ditiors which have not been accessible for surgery. 
grade 5) free hemorrhage with perforatiom of the These clinical studies indicate that a difference may 
TM. This classification is based upon chances that exist between experimental animals which primari- 
can be visualized with the otomicroscope. Ħ is also ly show intracochlear pathology and man where the 
supported by direct observations of ME changes primery, only confirmed pathology has been round 
that accompany barotrauma in human and animal and oval window perforations. 

models. 


Therapeutic suggestions for these patients have 
been tumerous: 
] Bed rest 1.9,11,12,21,29-33 
2. Avoidance of exercise, coughing, nose blow- 
ing, meezing, straining, etc.4:2!3 


Middle ear pathology consists of: 1) effusioas: ser- 
ous, serosanguineous or hemorrhagic;?-* 2) mucosal 
changes;'* 3) vascular distention and hemorrhage;'~? 
4) ossicular disarticulation and fractures;''’ '3 and 


; 1-6.8 ©. Oral or local decongestants. ''5 

5) TM perforations. re rey 

Although sensorineural hearing loss fo! owing ©. Immediate surgery for tympanic and/or win- 
barotrauma in man has been documented, fer obvi- dow serforations.! 1-26 
ous reasons less is known regarding the uncerlying €. Surgery after delay.1!:12.28-32.34 
pathology. Theories advanced for the explanation t. Low molecular weight Dextran® .428 
of the sensorineural hearing loss have been highly €. Heparin® ,?°3s 
speculative. Since the turn of the century, animal S. Hyperbaric oxygen therapy.” 
experiments simulating barotraumatic conditions IC. Vasodilators. ':4-28 
have been performed in an attempt to gair addi- During the past years we have performed a num- 
tional information on the histopathological c aanges ber cf studies on animal models with artificially in- 
of the IE that may underlie hearing loss. Docu- duce= ME pressure changes in order to determine 
mented and suggested IE pathology has included: 1) its int uence on ME and IE function and morphol- 
membranous labyrinth distortion and piimas Sms ogy. &%-37-41 
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Our investigations extended our information on 
pressure induced changes in the ME and confirmed 
that ME changes, as noted above, were similar for 
the experimental animal and patients with clinical 
barotrauma. However, no such similarity was 
found for the experimental animal and man in re- 
gard to coehlear changes. Inner ear membrane dis- 
tortions and hemorrhage were often demonstrated 
in our experimental animals while seldom observed 
in man. Little evidence for RW rupture was found 
in the experimental animal. A study of RW healing 
following surgical lesion under aseptic conditions in 
the guinea pig indicates that the autorepair proper- 
ties of the RW are impressive in this species.** Such 
data may be interpreted to encourage some delay in 
surgical treatment of clinical cases with IE 
barotrauma. However, the healing properties of the 
RW membrane in the guinea pig and man may dif- 
fer substantially. 


In previous studies no information is provided of 
the residual and potentially lasting effects of ME 
pressure changes. It would be of interest to establish 
the possible histcpathological sequelae related to 
the acutely observed IE membrane distortion and 
hemorrhage. Alsc we would like to know if RW 
membrane healing occurs as readily in the presence 
of other chronic ME and IE pathology accompany- 
ing barotrauma as it does following surgical lesions. 
In the present study an attempt was made to answer 
these questions by examining the long-term effects 
of phasic ME pressure changes in a guinea pig 
animal model. In this investigation the ME and IE 
of the experimental subjects were evaluated follow- 
ing a three-week recovery after exposure to a phasic 
ME pressure. 


METHODS 


Twenty healthy young guinea pigs (250-300 g) were used in this 
study. All subjects demonstrated a normal Preyer’s reflex. For 
each subject, randomly one ear was designated as a control and 
one experimental. Similarly, each animal was assigned to one of 
four groups, in whieh the experimental ear was exposed to one of 
four pressure values, + /— 3000 or 6000 mm H,O. 


Surgical and pressurization procedures were similar to those 
previously reported.’ The animals were initially weighed, 
premedicated with atropine and anesthetized with ketamine. 
After shaving and preparing the periauricular areas for surgery, a 
postauricular approach was used to expose the ME bilaterally. 
The bone defect created in the bulla permitted limited inspection 
of the ME. The drum and the ME of each subject were examined 
for infection. Animals with fluid, vessel injection, thickened 
mucosa or distortior and discoloration of the TM were 
eliminated. 


Following inspection, a Teflon® cannula, 2 mm in diameter, 
was inserted 1-2 mm into the bulla of the experimental ear, and 
sealed with bene wax. The cannula was then coupled to a pressur- 
ization system and a brief (1-2 seconds) phasic pressure change 
was applied. The system was controlled by a manually operated 
valve. Maximum pressure for a given setting and rate of change 
was approximately constant across animals. Duration of the 
pressure change varied by up to 25% . Following pressurization of 
the experimental ear, zhe cannula was placed in the control ear, 
sealed and then removed. 


In both ears the surgical area was irrigated with a topical an- 
tibiotic, the bone defect sealed with bone wax and the soft tissue 
incision closed with interrupted sutures. Body temperature of 
each subject was maintained with a heat lamp until recovery 
from the anesthesia. Animals were placed on chloramphenicol 
(IM) for ten days following surgery. The subjects were sacrificed 
three weeks postsurgery. The animals were deeply anesthetized 
with sodium pentobarbital anesthesia, decapitated ard their tem- 
poral bones were removed. At the time of removal, the external 
and ME were inspected with the aid of an operating microscope 
for soft tissue changes, including vessel distortion and rupture, 
and the presence of effusions. In the process the ME was widely 
exposed. Following assessment, the bones were placed in formalin 
for fixation followed by further histological processing of the in- 
ner ear. 


The temporal bones were then decalcified in 10% Versene® (di- 
basic salt of EDTA). The solution was changed daily. The 
cochleas of three subjects from each group were then assigned for 
soft-surface preparation.*?? Briefly, following decalcification, 
the soft surface preparation included: apicobasal bisection of the 
cochlea, staining with buffered 0.5% osmic acid, deaydration in 
increasing concentrations of alcohol, transfer to glycerin and 
dissection of the membranous labyrinth for further microscopic 
studies. The remaining two subjects of each group were processed 
by celloidin embedding and serial paramodiolar sectioning.“ 
Every tenth section was saved. Alternate sections were stained 
with Harris’ hematoxylin and eosin and cresyl violet. 


A second assessment of the ME was made with the aid of the 
operating microscope in the soft-surface preparation material at 
the time of bisection of the cochlea and staining. In all cases the 
animals were coded at the time of surgery (for value of the ex- 
posure and which ear was exposed). This information was not 
available at the time of temporal bone removal and initial inspec- 
tion nor at the time of subsequent ME and IE study. The subse- 
quent examinations were performed by another author with no 
knowledge of the results of the first examination. Individual 
observations were kept separate in coded form until completion of 
the IE study. The initial and second ME evaluation included 
assessment of TM change, mucosal changes, presence of fluids, 
and hemorrhage, vessel distention, perivascular hemorrhage and 
RW perforations. Other IE changes evaluated included pathology 
of the organ of Corti, endolymphatic and perilymphatic hemor- 
rhage and the occurrence of infection. 


RESULTS 


One animal, in the + 6000 mm H,O group, died 
20 days following surgery. In all others recovery ap- 
peared uneventful. 


Middle Ear Effects. Major ME findings are 
shown in Table 1. The major change of concern in 
the TM was occurrence of perforations. These were 
most prevalent in animals exposed to high negative 
pressures, were found equally often in animals ex- 
posed to low negative and high positive pressures 
and absent in those exposed to low positive pressure. 
Thickened drum membranes were observed in asso- 
ciation with mucosal thickening throughout the 
ME. Similarly, vessel distention in the TM and 
hemorrhage were consistent with similar findings 
elsewhere in the ME mucosa. 


A thickened ME mucosa was also founc most fre- 
quently in animals exposed to high negative pres- 
sure. High positive pressure was second in in- 
fluence, low positive third in effect, and low 
negative pressure ineffective. The occurrence of 
serosanguineous fluid in the ME space was related 
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TABLE |. MIDDLE EAR PATHOLOGY 


ME & TM ME & TM Vessel 
Applied Pressure Thickened Serosanguineous Distention & 
mm H,O Total No. Ears TM! Perforation Muceesa Fluid Hemorrhage 
+ 6000 4/4* 1D oe 3/2 4/0 
+ 3000 9/5 0.0 Zn L 2/0 3/0 
— 3000 5/5 10 OC 1/0 0/0 
— 6000 0/5 30 4E 4/2 3/1 


ME - Middle ear; TM - Tympanic membrane. 
*Experimental/control. 


to magnitude and direction of pressure in the same 
manner. 


Tympanic membrane perforation, mucosal thick- 
ening and presence of serosanguineous fluid were 
more frequently observed following high negative 
pressure than following high positive pressure. In 
turn, high positive pressure was more influential 
than lower pressure values. The greatest vascular 
changes occurred with high positive pressure. In the 
case of all pathological findings, except for vessel 
distention and hemorrhage in the high positive pres- 
sure group, some normal cases were found m exper- 
imental ears. 


Middle ear infection was identified by the 
presence of purulent secretion. Nine of the I9 ex- 
perimental ears exhibited infection. In these ears, 
serosanguineous fluid was a consistent finding. In 
the 10 animals without infection, 1 exhibited a 
small amount of serosanguineous fluid amd 5 ex- 
hibited some serous fluid. These six ears were all ex- 
posed to negative pressure. No fluid was found in 
the remaining four experimental ears which were 
all exposed to positive pressure. Infections were also 
observed in 5 of the 19 control ears, in most cases 
associated with serosanguineous effusion. In no in- 
stance was a control ear infection associated with a 
TM perforation. In one case, however, speeific vas- 
cular hemorrhage was observed. 


% Occurrence of Pathology 
O 20 40 60 80 ‘00 


Fluid (serous & 
serosanguineous) 


Thickened Mucosa 


Distended / Hemo 
Vessels 





Co Experimental 
zz Control 


TM Perforations 


Fig. 1. Frequency of middle ear pathological findings in 
all experimental and all controlled animals Hemo 
-Hemorrhagic; TM - Tympanic membrane. 


Pachology in experimental and control ears inde- 
pennt of direction and magnitude of applied 
pressire is illustrated in Figure 1. The height of the 
unshaded bar illustrates the percent occurrence of 
path ology in the control ears. Figure 2 shows a com- 
pari©n of the percent occurrence of pathology in 
animals exposed to + 6000 mm H,O versus those ex- 
posed to the lower pressure value. Both experimen- 
tal (enshaded) and control findings (shaded) are il- 
lustrated. Note that in all cases there is an increase 
in percent pathology with the higher pressures. An 
increase in occurrence of pathology also occurred in 
the =ontrol ears except for TM perforations. No con- 
trol ear exhibited this pathology. 


Inver Ear Effects. Inner ear findings were com- 
paradle in the material processed with either of our 
two iistological techniques. Thus the data for each 
have been combined for the purposes of this report. 
Five of nine ears exposed to 6000 mm H,O exhibited 
RW perforations. Three were exposed to positive 
pressure, two to negative pressure. One animal ex- 
posed to +3000 mm H,O also had a perforation. 
Rourd window perforations were not found in con- 
trol ears. In the experimental ears these perforations 
were always observed in animals with ME infec- 
tiors In these ears, labyrinthitis was a consistent 
fincmg. 

lymphatic hemorrhage was observed in 58% of 


% Occurrence of Pathology 


+ 3000 mm H,0 + 6000 mm H,O 
IOO 30 60 40 20 O #20 40 #60 480 100 


Flu c 
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Th cxened Mucosa 


a 


Dist «nded / Hemo 
; ; £ 
Vesels Ui | 
CO Experimental 
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TM erforations 


Fig. 2. Frequency of pathological observations in high 
_—/— 6000 mm H20) versus low (+ /— 3000 mm H,O) 
æessure subjects. Observations in both controlled and ex- 
>ærimental ears are shown. 
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TABLE 2. OCCURRENCE OF PERILYMPHATIC 


HEMORRHAGE 
Applied Pressuze Total No. Total No. Ears 
mm H,O Ears with Hemorrhage 
+ 6000 4 4 
+ 3000 5 3 
— 3000 5 l 
— 6000 5 3 


the experimental ears studied. In assessing this 
pathology, hemcrrhage located at the extreme basal 
end of the seala tympani was excluded. * Lymphatic 
hemorrhage was related to both magnitude and di- 
rection of the avplied pressure change (Table 2). 
Hemorrhage wa: most frequent with high positive 
pressure (100%), second in prevalence with high 
negative and low positive pressures (60%), and 
least common with low negative pressure (20% ). In 
the control ears, lymphatic hemorrhage (excluding 
that in the extreme basal end of the scala tympani) 
was observed in Dne ear, in the scala vestibuli con- 
tralateral to a — 6000 mm H,O exposed ear. 


The presence of endolymphatic hydrops was 
evaluated in eaci ear. It was observed in 10 of 19 
experimental ears (53%) and 4 of 19 control ears 
(21%). It was nct related in any consistent manner 
to the magnitude or direction of pressure applied in 
the experimental ears. In three of the four control 
ears it was, however, associated with ME infection. 
In the experimental material endolymphatic hy- 
drops was observed in association with ME infec- 
tion in three of the ten ears. 


DISCUSSION 


The principal long-term changes in the ME 
which appeared directly related to magnitude and 
direction of app ied phasic ME pressure were: 1) 
TM perforation, 2) vessel distention and hemor- 
rhage, 3) serous effusion, and 4) perhaps mucosal 
thickening. The interpretation of ME pathology 
resulting from a>plied pressure is complicated by 
the influence of iafection. Since serosanguineous ef- 
fusions occurred -requently in control ears, their oc- 
currence in experimental ears cannot be attributed 
solely to the applied pressure. The observation that 
the frequency of this finding was not greatly in- 
creased in ears exposed to the higher pressures (6000 
mm H,O) as opposed to the lower values (3000 mm 
H,O) is consistent with this interpretation. The 
finding of mucosal changes more frequently in the 
high than in the low pressure groups may indicate 
that pressure changes may be of etiological signifi- 
cance for this pa-hology. However, the small sam- 
ple size employed in this study condition the inter- 
pretation of this change also. The increase in fre- 
quency of effusicns and thickened mucosa in con- 
trol ears of high »ressure exposed animals, as com- 
pared to low pressure exposures, is in part related to 


*This finding, basal tarn scala tympani hemorrhage, probably reflects 
the histological procedures employed in removal of the temporal bones.‘ 


the fortuitous distribution of infection in the control 
material. However, such differences in control ear 
pathology of high and low exposed animals was also 
reported acutely. Thus, infection cannot solely ac- 
count for this observation. Alternative physiological 
mechanisms were discussed previously.° 


The observation of serous effusion only in nega- 
tive pressure ears and without relation to infection 
indicates that this effusion is dependent upon 
pressure. Similarly, the occurrence of perforations, 
vessel distention and hemorrhage were all related to 
high pressures. These pathologies were minimal or 
absent in control ears. This indicates that pressure 
was the primary causative factor in producing these 
changes. While the small sample size used in this 
study restricts interpretation of findings, this may 
be overcome by the consistency of findings in the 
present study with those found immediate y follow- 
ing phasic pressure.® Our interpretation regarding 
TM perforation, effusions and vessel changes are 
consistent with the acute findings of the previous 
study. High negative pressure most frequently 
caused effusions and TM perforations. Vascular 
damage was most frequent with high positive pres- 
sure changes. The bases for these effects were dis- 
cussed previously. 


In general, the current observations are qual- 
itatively similar to those found in the acute ear. 
Quantitatively, there are some marked differences. 
In both cases we have observed that the damage to 
ME and IE structures appears related to magnitude 
of applied pressure. Obviously, this is a baseline 
observation that must be made or reservations 
should and would be raised regarding the entire ap- 
proach of these studies. Comparing present findings 
to those following acute pressure exposure it ap- 
pears that the ME has remarkable healing abilities. 
In the absence of infection following three weeks 
recovery, little hemorrhage is found in the ME and 
indeed the occurrence of hemorrhage in the IE is 
much reduced from that observed in the acute prep- 
aration. Tympanic membrane rupture was much 
less commonly found in this material than in the 
acutely studied material. In part this may reflect 
healing processes of the drum membrane. 


In the previous acute study one instance of RW 
membrane rupture was observed. In this mvestiga- 
tion 25% of the exposed ears exhibited RW rupture. 
Among the animals exposed to the higher pressures 
this occurrence was almost 50% . It was consistently 
found in the presence of ME infection. Given the 
observation of both the previous acute study and 
the current chronic study it would appear that ME 
infection is a necessary but not sufficient condition 
for RW rupture. The presence of unobserved very 
small or microscopic RW perforations in some of 
the previous material cannot be excluded. We sug- 
gest that phasic high pressure exposure of the ME of 
the guinea pig does influence the RW. Moreover, it 
would appear that ME infection interacts with the 
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trauma caused by the pressure change to ereate a 
perforation. This study indicates that the rapid 
healing of the guinea pig RW membrane chserved 
following surgical lesion is inhibited by the 
presence of infection. The time course ef these 
events would be of interest in defining meenanisms 
involved. 


Generalization of these results to man must of 
course be done with caution. In the previous acute 


stu>y of phasic pressure,® the absence of RW per- 
forations we interpreted to suggested hesitation in 
perfbrming ME surgery for RW perforations in man 
fole wing barotrauma. If ME infection may be asso- 
ciated with barotrauma in man, these current data 
support the view that the RW may indeed require 
“seding.” Certainly other IE pathology observed in 
the= animals, particularly the exclusive occurrence 
of «byrinthitis in RW ruptured ears, reinforce this 
concern. 
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CUSTOMIZED DILATOR FOR THE TREATMENT OF SUBGLOTTIC 
STENOSIS IN CHILDREN 


NIGEL R. T. PASHLEY, MB. FRCS(C) 


S\N ARBOR, MICHIGAN 


A new instrument, a customized dilator for use in dil ating subglottic stenos& in children, is described. It combines the desirable fea- 
tures of the bougie for use in the laryngeal subglottis and will be useful to any argeon involved in the treatment of these difficult airway 


problems in children. 


Interest in the treatment of acquired subgottic 
stenosis in children has increased with recemt ad- 
vances in neonatology. These advances have im- 
proved the survival rate of very small preterm in- 
fants, many of whom require prolonged ventilatory 
support. However, there has been a concomitaat in- 
crease in the incidence of acquired airway damage 
and the site of injury in these susceptible children is 
almost invariably the cricoid region. ! 

Treatments include primary dilation or bougie- 
nage sometimes combined with topical or imected 
medications, surgical resection or reconstruction, 
and simple cricoidotomy.? Following  su-gical 
reconstruction of the area and prior to a growth 
phase which may, as recently reported,’ corapen- 
sate for the scar contracture and allow for decan- 
nulation, it may be desirable to dilate the region. 
Dilation of the subglottic region is therefore acom- 
monly used surgical adjunct as well as a promary 
therapy. 

The use of a rigid bronchoscope for dilation may 
not provide the gentle graded sizes required, end so 
dilators or bougies have been used. The dasired 
properties of such a dilator are suitable cross- 
sectional shape, graded sizes, a flexible but firm 
consistency to prevent an inadvertent tear or per- 
foration, and a suitable length and shaft con: gura- 
tion commensurate with performance of the dila- 
tion under direct vision. 
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Dilaion of the laryngeal subglottis in children 
was fcind to require an instrument of circular 
cross-sectional shape with a working length of 30 
cm. In 2onjunction with the Pilling Company an in- 
strumeit was designed with all the desirable fea- 
tures, at a low cost due to the combination of 
features taken from existing standard instruments 
(Fig. 1}. 


A ciscular cross-sectional shape of firm but flexi- 
ble material with a flexible narrow shaft was ob- 
tained dy use of a Jackson esophageal bougie. The 
shaft was shortened 30 cm from the tip and a han- 
dle, angled downward, was added. This allowed 
direct vision and placement of the bougie during 
endoscepy. 


A ful range of sizes was not required because of 
the an*icipated use in children. These dilators are 
used sclely through an anterior commissure laryn- 
goscope which separates the vocal cords and pre- 
cludes njury or dislocation of the glottic structures. 


This type of dilator has been in use ten months 
and hes earned praiseworthy comment from all 
who previously struggled with the straight-shafted 
excessi~ely long instrument. We highly recommend 
such modifications to those engaged in the stressful 
treatment of these difficult airway problems in 
children. 


Fig. 1. A customized dilator for the laryngeal 
subglottis. A shortened shaft has been joined to the 
gum elastic tip of a pocan sacphaueal bougie giv- 
ing an overall lengi of 30 cm. The down-angled 
hand piece from microlaryngoscopy instruments is 
joined to the shaft and allows an unobscured view 
while dilation is performed. 


REFERENCES 


l. Pashley NRT, Papsidero MJ. Acquired stenosis of he up- 
per airway in neonates. An increasing problem. Ann Oto! Rhinol 
Laryngol 1980; 89:512-4. 


2. (otten RT, Seid AB. Management of the extubation prob- 
lem in -be premature child: anterior cricoid split as an alternative 
to tracheotomy. Ann Otol Rhinol Laryngol 1980; 89:508-11, 


From the Department of Otorhinolaryngology, University æ Michigan Hospitals, Asm. Arbor. 
REPRINTS — Nigel R. T. Pashley, MB. Department of Otockinolaryngology, Univers=y of Michigan Hospitals, 1405 East Ann Street, Ann Arbor, MI 


48109. 


287 


Ann Otol 90:1981 
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Over 486 people were massacred and buried communally at the Crow Creek Village Site, South Dakota, about 135) AD. Osseous 
pathology in the eraniofacial area of the victims’ skeletons is reviewed and compared to data from other indigenous skeletal populations 


past and present. The Crow 


Creek mastoid x-rays are analyzed and compared to four other studies which span over 1000 years of Dakota 


Territory history. Findings regarding external auditory canal exostoses in the different groups are compared. Unusual “indings in the 
craniofacial area are assessed. Insight into longitudinal epidemiology in one portion of the U.S. is possible through this study. 


Two years ago an opportunity was presented to 
study briefly the remnants of people who died ca- 
lamitously in a village which existed in South Dako- 
ta during the 14th century. Their skeletons were ex- 
posed accidentally by erosion into the Missouri 
River banks at a former village site. Subsequent in- 
vestigation revealed the magnitude of a horrible 
massacre (Fig. 1). The investigation of the mass 
burial included an assessment of the cultural fac- 
tors, a demographic analysis, and an appraisal of 
the bones for evidence of pathology.’ 


VIGNETTE OF CROW CREEK HISTORY AND CULTURE 


Carbon datings to the years 1325 and 1390 AD in- 
dicate that the Crow Creek (CC) villagers were cul- 
turally of the initial coalescent variant, ancestral to 
the Arikara who lived later in the Dakotas along the 
Missouri River. They descended from groups which 
were forced out of the Central Plains by drought 
and had blended with people already living along 
the river. They were farmers (corn, beans, squash) 
and hunters, primarily of bison. Villages similar to 
CC dot the banks of the Missouri River for many 
miles upstream. 


The CC site (39 BF 11), situated on the bluff 
overlooking the river 13 miles north of Chamber- 
lain, SD, was first excavated during the Missouri 
River salvage archeology by the Nebraska Historical 
Society in the mid-1950s. The site, now a National 
Historical Landmark, was protected on its north 
boundary by a fortification ditch 4 m wide and 380 m 
long. A log palisade had been inside the ditch. The 
true situation had not been found in the late 1950s 


because the west end of the ditch was not ex- 
cavated. 


Almost every skull of all ages and bot sexes bore 
markings of scalping. Two adult calvaria had evi- 
dence of severe periostitis etched into their external 
surfaces, the patterns strongly suggesting nonlethal 
scalping long before death of the indivicuals. Many 
skulls had recent fractures, most of which could 
have represented the death blow. The type of skull 
fracture usually reflected the characteristics of the 
weapon which had inflicted it. Decap:tation pry- 
marks were present on the basal portion of 33 skulls 
and 88 upper cervical vertebrae, and cut marks 
were present on many other bones. Hand bones 
were almost totally absent and the majority of the 
foot bones were missing, presumably amputated as 
trophies or chewed away by carnivores. Although 
there were over 700 articulations of two or more 
bones, mostly the skeletons were disrupted. A few 
bones were burned, suggesting incineration of some 
bodies. The archeological finding that soil which 
covered the decedents came from the river bottom 
quite some distance from the burial site indicated 
purposeful interment of the massacre victims, 
possibly by the survivors of the catastrophe. 


Although the exact circumstances of this situation 
are conjectural, it is likely that it was perpetrated 
by inhabitants of a nearby village, probably of the 
same culture. Undoubtedly a large force attacked 
CC. Conceivably the massacre was facilitated by a 
night-time attack or some communal illness which 
impaired the villagers’ ability to fight or flee. 
Because many CC skulls had findings suggesting 


From the School of Medicine, University of South Dakota, Sioux Falls; the Department of Anthropology, University of South Dakota. Vermillion; and 
X-Ray Department, Sacred Heart Hospital, Yankton, South Dakota. Financial support was provided by the Grant Review Committee, School of Medi- 
cine, University of South Dakota. Crow Creek material was recovered under contract: U. S. Army Corps of Engineers, Omaha District. 
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iron deficiency anemia and many long bomes had 
transverse lines, a viable hypothesis is that warfare 
followed a disturbance in the food supply. 


The temporal bone count of 963 (486 right, 477 
left) provided the most accurate estimate of the 
number of individuals whose skeletons had ben ex- 
humed (Table 1). Examination of the CC temporal 
bones and x-rays of them provided information con- 
cerning the frequency and patterns of some etolog- 
ical abnormalities in these people. Through 
cautious extrapolation between the otological fin- 
dings and the frequency of other findings in the 
craniofacial area, estimates concerning other 
diseases can be made. 


OTOLOGICAL FINDINGS 


Mastoid Changes Indicating Residua of Otitis 
Media (Table 2). Law and Stenvers view; were 
taken of 867 temporal bones so as to be comearable 
with previous skull x-ray studies.” To promete con- 
sistent interpretation, the CC films were ev=luated 
by the same _ radiologist-otolaryngologis* team 
which had participated in other mastoid projects, 
and interpreted as pneumatic, sclerotic, dipsoic, or 
mixed. Bilateral mastoid x-rays of 148 of 355 chil- 
dren at the Indian School, Pierre, SD, served as 
contemporaneous controls for all of the dry bone 
studies.* The fundamental denominator in te total 
temporal bone project is a common geographic 
location. 


Five hundred sixteen (61%) CC mastoids were 
well pneumatized indicating little effec! attri- 
butable to upper respiratory infections (URI) or oti- 


Fig. 1. Overview of the mass burial 
showing the intermingling of skele- 
tons and the dismembered conditions 
of remnants. 


tis media; 26 (3%) were sclerotic, indicating alter- 
ation from otitis media during early life; 242 (29%) 
showed mixed type air cell patterns suggesting some 
effect of middle ear disease; and 53 (7%) had 
diplo% or atypical air cells, possibly indicative of 
otitis media during early life. Two adult mastoids 
had =<eolytic lesions commensurate with cholestea- 
toma »ormation (0.2%). Because the frequency of 
otitis media correlates with the incidence of URI, it 
is hypothesized that URI during childhood were fre- 
quer.t at CC. 


No ably there were fewer CC mastoids with dis- 
turbæ air cell patterns than in other dry bone mas- 
toid sies and a closer statistical relationship of the 
CC -mastoids to the Pierre Indian School children. 
The smaller amount of mastoid alteration in the 
Pierre children undoubtedly reflects better socio- 
ecomamic conditions. Because the CC people ante- 
date= white contact and were not exposed to many 
of the ‘herd-type diseases” from Europe, they may 
have bad fewer and less virulent URI than those 
who lived later. It is interesting that the number of 
mastcels interpreted as sclerotic was very similar in 
all fie temporal bone series despite the tremendous 


TABL= 1. MINIMUM ELEMENT COUNTS OF MAJOR BONES' 


Bone Left Right 
Tempe:al, petrous 477 486 
Humes 200 213 
Ulna 113 131 
Radix 91 115 
Fema: 367 367 
Tibi 262 269 
Fibule 143 156 
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TABLE 2. MASTOID AIR CELL DEVELOPMENT AS SEEN ON X-RAYS OF TEMPORAL BONES 


No. of 

Bones 

Crow Creek (Proto-Arikara) 837 
W.H. Over Collection* (mixed cultures) 417 
Sully Site (Arikara) 255 
U.S. National Museur (Sioux) 251 
Pierre Indian Schoo! (Sioux) { 296 
Total 2,062 


Pneumatic 


No. 
516 
220 
116 
128 
210 


Sclerotic Mixed Atypical 

% No. % No. % No. % 
61] 25 3 242 29 53 7 
53 26 6 157 38 l4 3 
45.5 12 4.5 92 36 35 14 
50 S Sil 67 26 54 2] 
71 9 3 35 12 42 14 


*88 burials (50 temporal bones) were of Middle Plains Woodland origin. Of these 4 were sclerotic, 33 mixed, and 1 was of diploic configuration. 


tChildren at the Pierre Indian School, located about two miles southeast of Pierre. SD. 


differences in time, culture, and socioeconomic 
conditions represented in this total study. A second 
significant finding from the x-ray studies is that the 
frequency of mixed mastoid air cell changes has 
varied during the past 1,000 years, being lowest in 
today’s Indian children. This could indicate that 
despite the fact that otitis media is the commonest 
infection in the upper Midwest today, second only 
to the “common cold,” it does not affect the air cell 
development as much now as it did in the past. 


Stapes Footplate Fixation. Based upon the demo- 
graphic data from 332 identifiable CC skeletons 
(Table 3), 54% of the 486 skeletons, 263 individuals 
(142 males, 121 females), should have been over 15 
years of age at death. If otosclerotic stapes fixation 
had existed at CC in the same ratio it occurs in U.S. 
whites today, two instances might have been pres- 
ent. None was found. This agrees with previous 
studies of ancient Indian temporal bones.°* 


Exostoses and Osteomas (Table 4). Exostoses 
were found in the external auditory canals of 45 CC 
temporal bones (4.7%). This is similar to the find- 
ings in other upper Missouri River basin (UMRB) 
skeletons® and supports our previous contention that 
outer ear canal exostoses are much less frequent in 
the Dakotas than was reported in Hrdlicka.’ Figure 
2 shows an unusual exostosis. X-rays of this tempor- 
al bone were normal otherwise. Similar, less-marked 
changes in the tympanic ring bone have been re- 


TABLE 3. SMOOTHED DISTRIBUTION OF CROW CREEK 
AGES AT DEATH! 


Age (yr) Males Females Total 
0- 1 5 4 9 
l- 4 16 16 32 
5- 9 36 35 71 

10-14 20 20 40 
15-19 22 7 29 
20-24 21 T 28 
25-29 16 7 23 
30-34 15 7 22 
35-39 4 7 11 
40-44 3 8 11 
45-49 4 13 17 
50-54 fi 13 20 
55-59 6 13 19 

Total 175 157 332 


ported in UMRB specimens.® One osteoma was 
found in the squamous portion of a temporal bone. 


Anomalous Styloid Process. A massive styloid 
process on the right side and a smaller but larger- 
than-usual process on the left was found ia an adult 
skull (Fig. 3). X-rays showed no other abnormality. 


DENTAL DISEASES 


Temporomandibular Joint Alterations. Eight in- 
stances of marked temporomandibular jcint (TMJ) 
arthritis were found. Other instances of lesser man- 
dible and mandibular fossa changes were present. 
The combination of high carbohydrate diet, food 
processing methods, and ingestion of coarse, tough 
foods, fostered early deterioration and loss of teeth. 
This was followed by TMJ changes, similar to those 
which are seen frequently in other UMRB skeletons. 


Tooth Wear and Attrition. In 136 instances in- 
volving three or more attached teeth there was 
moderate to severe attrition of teeth, caries, and 
frequently tooth pulp exposure. The latter was un- 
deniably a precursor to tooth loss. There were 17 
dental abscesses and one abscess apparently of den- 
tal origin on the posterior surface of the maxilla. 
Four antral-oral fistulae and several other tooth 
abscesses which were forming communications be- 
tween the maxillary sinus and the mouth were 





F ig. 2. Spongy bone tumor (arrow) which almost com- 


pletely occludes an adult right external auditory canal. 
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TABLE 4. EXOSTOSES IN EXTERNAL A®DITORY CANALS ~AKOTA TERRITORY TEMPORAL BONES 








Temporal 





Culture Bones 
Crow Creek (Proto-Arikara) 963 
Arikara 993 
Arikara-Mandan 50 
Mandan 79 
Woodland 87 
Historic Sioux 301 
Undetermined 380 
Total 2853 

Pierre Indian School children, Grades K 
through 12, primarily Sioux 770 
Overall total 3623 


found. Figure 4 shows an unusual antral-oral fistu- 
la. Bone changes within the maxillary sinuses sug- 
gesting the effects of long-standing infectim were 
visible in the antral-oral fistula specimens and in 
one other specimen. 


Dental Anomalies. In 11 adult skulls these were 
anomalies which included anodontia, ectopic, su- 
pernumerary, unerupted, and fused teeth, l simi- 
lar to findings in other UMRB burials. 


CRANIOFACIAL ANOMALIES 


As they have been in other UMRB skeletons, overt 
anomalies were conspicuous by their absence. This 
contradicts today’s UMRB findings. Congenital fa- 
cial clefting was found in 1:220 in a large ries of 
South Dakota native American children* and in 
1:276 Montana Indian births.’ Occult palate defects 
(submucous clefts and bifid uvulas) in South Dakota 
Indians added to the manifest clefts gave a com- 
bined incidence of 1:89.8 Although it camnot be 
demonstrated, it is probable that congenite] facial 
clefting did exist in the UMRB in the past. Very 
likely, children born with disabling congenial ano- 
malies in ancient primitive societies wer elim- 
inated by natural means or passive neglect aad their 
bodies did not get into the community cemetery. 
This hypothesis offers the most plausible explana- 
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Fig. 3. Right and left temporal bones from the same 
skull showing an anomalous styloid process on ‘he right 
side. The styloid on the left is larger in diameter than usual 
but not as prominent as the right. 




















R sft Ear Left Ear Bilateral Etre 

7 12 26 4.6 

2 5 7 2.1 

3 12.2 

2 5.1 

] 1.1 

2 1.3 

] 6 $ 5.5 

|] 25 46 2.9 
sone None None None 
\] 25 46 2.25 


tion scr the absence of congenital anomalies which 
woul: have been obvious at birth in the CC and 
other JMRB skeletons. 


Two mandibular anomalies were found at CC. 
Bot% were isolated specimens from adult males, not 
artiz dated or articulable with skulls. In one, the 
left mandibular head was 2.5 cm higher on the 
rigtt The dentition and TMJ surfaces and the re- 
meirder of the mandible were normal. On its left 
side the other mandible showed congenital hypo- 
plas in the area of the angle and the posterior bor- 
der e the ascending ramus (Fig. 5). The left man- 
dibar head was poorly developed; the right was 
nor-aal. Along with a full complement of perma- 
nent dentition tooth sockets, the right central inci- 
sor was smaller and displaced slightly to the right. 
Weer on the teeth remaining was equal bilaterally, 
sugssting no interference with mastication. As 
suc, this specimen would be compatible with 
hem sacial microsomia, grade I variation deformity 
of Cadarelli et al.'° If anomalies behaved similarly 
in the 14th century, this individual had an 86% 
charee of a deformity of the ossicles (malleus/incus) 
anc 290.7% chance of a deformed external ear. Al- 





“ig. 4. Right maxilla viewed from above. Note fistula 
=row) extending from the antrum into the oral cavity 
“Enough the socket of the second molar tooth. A core of 
wetaplastic bone 7 mm deep has built up around the fistu- 
= 
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Fig. 5. Isolated adult male mandible with unilateral 
congenital hypoplasia of the head, angle, and ascending 
samu. This bone was not articulable with other portions 
of a skull. 


though this man may have had a unilateral hearing 
loss and an “Andy Gump” deformity on his left side, 
he survived into adulthood. 


Many occult anomalies were present in the CC 
skeletons, particularly in the spine, indicating that 
these people had such abnormalities.! The frequen- 
cy of the occult bone defects is similar to their oc- 
currence in the U.S. today. 


NASAL DISEASE 


There were five healed nasal pyramid fractures. 
Four other noses showed paramortem mutilation. 
Thirteen skulls had septal deformities (8 moderately 
severe, 5 severe). Septal deformity has been fre- 
quent in other UMBB skulls. 


OTHER CRANIAL ABNORMALITIES 


Sequelae of Severe Old Trauma. These were 
found in two adult male skulls. In one, an old, well- 
healed, markedly depressed fracture was in the left 
frontal region. No other abnormality was apparent. 
In the other there was a lesion on the lateral surface 
of the right parietal bone characterized by bone loss 
and smooth new bone formation. The medial sur- 
face of this parietal was intact. The process ap- 
peared several months old and stable. It was inter- 
preted as the sequela of head trauma, subperiostial 
hematoma, avascular necrosis of bone, and cyst for- 
mation. Accentuation of the temporal lines indi- 
cated stretching of the pericranial structures. 


Nutritional Disturbances. Cribra orbitalia and 
porotic hyperostosis, strongly suggesting iron defi- 
ciency anemia, were found in 28 skulls; all but one 
were children anc subadults. X-rays of the post- 
cranial long bones, still being evaluated, show 
many transverse lines, strongly suggesting commun- 


ity and individual nutritional and metabolic distur- 
bances. Thinning of the cortex and decrease in the 
medullary trabecular elements was observed in 
three mandibles and in many other postcranial 
bones, indicating osteoporosis. Similar changes, 


possibly less frequent, have been found in other 
UMBB skeletons. 


Notably absent from CC skeletons were evidence 
of 1) primary or metastatic cancer, although benign 
bone new-growths were found in various bones, 
similar to other UMRB findings; and 2) the effects 
of chronic granulomatous diseases. 


Periostial reaction suggesting the effect of 
treponematosis was found in several CC long bones 
but not in the skulls. 


DISCUSSION 


An opportunity to do the final comprehensive 
“autopsy” upon an entire village whose people lived 
as a unit and finally perished together at the same 
moment in time occurred when the CC skeletons 
washed out of the Missouri River bank in mid-South 
Dakota in 1978. Because of previous studies upon 
other skeletal populations recovered from the 
UMRB, mostly post-white-contact, this situation 
was a challenge to obtain comparative data regard- 
ing diseases, anomalies, and other abnormalities 
which existed prior to white admixture. 


Archeologists know that human temporal bones 
resist the effects of weathering extremely well. This 
observation held true at CC. The temporal bone 
count gave the most accurate indicator of the total 
human population represented in the enormous pile 
of bones. Also, the temporal bone assay provided in- 
sight into the incidence of abnormalities in this por- 
tion of the CC skeletons. Despite the incompleteness 
of data relating to many other bones, by careful ex- 
trapolation of information obtained from the tem- 
porals with that which was available from other 
segments of the CC skeletons, insight has been 
gained into the ramifications of disease process 
elsewhere in the skeletons. 


Salient otolaryngic findings in the CC victims’ 
skeletons are presented briefly. The data are com- 
pared with information from other peoples of the 
past and with a control group of South Dakota In- 
dian school children. In the Dakotas today many 
diseases and abnormalities are very different in the 
native Americans than in the general population. 
Through studies such as this, utilizing the approach 
of longitudinal epidemiology, insight can be gained 
into the changing patterns of diseases over a millen- 
ium, at least in one portion of the North American 
continent. 
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SURGICAL AND RADIOLOGICAL EFFECTS UPON THE 
DEVELOPMENT OF SPEECH AFTER TOTAL LARYNGECTOMY 


JEAN L. RICHARDSON, DrPH 


Los ANGELES, CALIFORNIA 


The data preser ted examine the relationship between postlaryngectomy communication method, and the extent of total laryngectomy 
and the use of radiaion therapy. The expectations of speech therapy providers were also examined. The author interviewed 60 laryngec- 
tomy patients who were six months to 3", years postsurgery. Surgeries were grouped into four categories and correlated with communica- 
tion method. The relationship was statistically significant with the most apparent deterrent effect exhibited only for the most extreme 
surgical excisions. There was no relationship with the use of radiation therapy. In many cases speech therapy providers’ expectations were 


not supported by the data. 


INTRODUCTION 


Several researchers have attempted to correlate 
the extent of surgical excision for total laryngec- 
tomy (TL) with the ability to learn esophageal 
speech.’ The production of esophageal voice is 
generally considered to be dependent upon the 
trapping of air in the upper esophagus and the 
vibration of the cricopharyngeus sphincter at the 
top of the esophagus.” 


Cervical esophagectomy, total pharyngectomy, 
bilateral radical neck dissection (RND), multiple 
operations on the neck, and postirradiation fibrosis 
have been hypothesized to prohibit learning eso- 
phageal speech Research studies, however, have 
not consistently provided confirmation for a direct 
correlation between extent of excision and speech. 
In fact, Smith e al® and Sako et al"! presented find- 
ings that were 2onflicting. Smith et al found that 
80% of their subjects who had a TL learned speech 
and 62% of thei subjects who had a TL with RND 
learned speech.* Sako et al found that 50% of their 
subjects who had a TL learned speech but 61% of 
their subjects who had a TL with RND learned 
speech."! 


Four additioral studies failed to confirm a rela- 
tionship between the extent of surgery and 
speech.'”*” Certain anatomical structures may be 
critical to the development of esophageal speech 
while other structures may be removed with little 
effect. For exam ple, although Diedrich and Young- 
strom found that speech skill did not correlate with 
surgical management, it did correlate with the 
width of the esophagus, (r=00.57, p=0.01).5 
Shames et al found a correlation of r = 0.27 between 
speech proficiency and intact cricopharyngeus and 
strap muscles.’ Vize reported a 90% failure to learn 
esophageal speech after pharyngolaryngectomy be- 
cause of the res2ction of the upper esophagus and 
cricopharyngeus muscle.* Anderson and Thomas 


demonstrated that rudimentary speech is even pos- 
sible after a total laryngectomy and glossectomy.° 


The data presented in this article are part of a 
larger study of the postsurgical adaptation of laryn- 
gectomy patients. Comparisons are made between 
the communication methods used by patients who 
experienced different surgical and radiological 
treatment. In addition the empirical data are com- 
pared with provider expectations concerning the ef- 
fect of treatment modalities on the development of 
esophageal speech. 


METHODS 


A five-source cluster sample was used to gain access to 60 TL 
patients who were six months to 3'4 years postsurgery. During a 
90-minute home-based interview, the interviewer assessed the 
subject’s primary, secondary, and tertiary metheds of com- 
munication as well as the intelligibility, volume, anc tendency to 
tire. The interviewer's observational assessment of subject use of 
communication methods was verified by directly asking the pa- 
tients to identify their primary and secondary methods of com- 
munication. For data analysis purposes, the communication 
methods were categorized as follows: 


1. Esophageal speech (speech created by expelling air from the 
upper esophagus). 


2. Electrolarynx (any type of electrolarynx or Voice Bak® de- 
vice). 


3. Writing, mouthing, and gesturing. Mouthing consists of 
miming speech, using mouth movements and some buccal sound 
to communicate. This requires the listener to lip read. Writing is 
the most prevalent subgroup in this category. 


These three categories represent an ordinal scale with esopha- 
geal speech considered to be most desirable and writing consid- 
ered to be least desirable. 


Patient exposure to radiation therapy was analyzed using three 
categories: radiation before surgery (20 subjects), radiation after 
surgery (10 subjects), and never radiated (30 subjects). None of 
the subjects received radiation therapy before and after surgery. 
The extent of radiation therapy was not assessed. 


A four-level surgical scale (Table 1) was developed to indicate 
the extent of surgical excision as a predictor of postsurgical speech. 
A head and neck cancer surgeon on the UCLA faculty was asked 
to categorize the subject’s operations on the basis of the antici- 
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TABLE 1. DISTRIBUTION OF SURGICAL SCALE 


Surgical Categories Frequency 
Category 1 (N = 27) 
Single surgeries 
TE 22 
Radical TL 1 
TL with bilateral modified neck dissection l 
TL with functional node dissection on left ] 
TL with left or right hemithyroidectomy 2 


Category 2 (N = 23) 
Single surgeries 

TL and left RND 

TL and right RND 

TL, right RND, and partial thyroidectom 

TL and creation of a pharyngocutaneous fistula, 
later closed 

TL and creation of a pharyngocutaneous fistula, 
still used with Voice Bak ] 


Multiple surgeries 
TL and further neck exploration ] 
TL and further neck exploration and removal of 
small amount of cancerous tissue l 


Category 3 (N = 8) 
Single surgeries 
TL and bilateral RND 2 
TL and left RND, hemithyroidectomy and small 
artial glossectomy ] 
TL, left RND, and cricopharyngeal myotomy ] 


Multiple surgeries 
TL and bilateral RND and two operations to 
close fistula l 
TL, bilateral RND, small partial glossectomy, 
and one operation to close fistula l 
TL, left RND, and surgical enlargement of the 
esophagus l 
TL, left RND, and further neck exploration and 
removal of additional cancerous tissue ] 


Category 4 (N = 2) 
Multiple surgeries 
TL, bilateral RND, pharyngectomy, and three 
reconstructive and two fistula surgeries ] 
TL, right RND, and two surgeries to remove part of 
esophagus 


— 


TL - Total laryngectomy; RND - Radical neck dissection. 


pated effect upon rehabilitation outcome. This proved to be a 
simple categorization procedure for those patients who had a 
single operation. For those who had multiple operations the pro- 
cess was slightly more complex. Each patient was categerized in- 
dividually by comparing the resulting extent of excision with 
those who had only a single operation. Table 1 shews how 
surgeries were distributed across the available categories. 


During the laryngectomee interview, each subject was asked 
the names of the professional speech therapists and lay laryngec- 
tomized) instructors with whom they had speech training. Ques- 
tionnaires were mailed to the 20 providers who were identified; 4 
were laryngectomees and 16 were professionals. All four of the lay 
instructors responded to the interview. Six of the professional 
speech therapists responded to the interview. Those who did re- 
spond had provided the bulk of the speech therapy to the 
laryngectomee subjects who had been interviewed. Of the 59 peo- 
ple who worked with one or more speech therapists, 49 had 
worked with at least one of the therapists or lay instructors who 
responded to the provider questionnaire. 


The questionnaire which was mailed to providers elicited data 
concerning services which they provided and their perceptions of 
rehabilitation determinants. A comparison of provider expecta- 
tions and actual experiences is therefore possible. 


RESULTS 


The four-level scale was cross-tabulated with 
communication methods. The statistical analysis in- 


TALE 2. RELATIONSHIP BETWEEN SURGERY AND 
SPEECH METHOD 


Surgical Scale 


Least Most 
Severe Severe 
Spæ- h Method 1 2 3 4 
Esopt=geal speech 70 % 44% 50 % 0% 
Electrmarynx 26 % 26 % 38 % 50 % 
Writire 4% 30 % 12% 50 % 
Txal patients 27 23 8 2 


Garr a = 0.42817; Pearson’s r = 0.30713; significance = 0.0085. 


dicas that there is a significant difference between 
the cmmunication methods used by subjects in the 
four =irgery categories (Table 2). Category 1 (least 
severe surgical excisions) clearly had the most favor- 
able >mmunication outcome. Category 4 (most se- 
vere surgical excisions) clearly had the least favora- 
ble ccmmunication outcome. When category 4 is 
elimmated from the analysis (categories 1, 2, and 3 
are ~ampared), the relationship is weakened but re- 
mair= significant (gamma = 0.37318; Pearson’s r = 
0.25497, significance = 0.0379). When categories 1 
and ~ are eliminated from the analysis (categories 2 
and 3 are compared) the relationship is no longer 
statis cally significant (gamma =-0.22689; Pear- 
son 3 æ = -0. 13052, significance = 0.2420). Thus cat- 
egores 2 and 3 are not statistically different from 
each ether in terms of communication outcomes. 
Catesries 1 and 4 are statistically distinct from 
other categories and from each other. 


F'æther cross-tabular analysis was done between 
the exent of surgery and the quality of esophageal 
speec measured by interviewer assessment of intel- 
ligibi ty, volume, and tendency-to-tire during the 
90-m aute interview. There were no statistically 
signant relationships between these factors. 
Tha: & to say, if a person was able to learn esopha- 
geal speech, the quality of that speech was not af- 
fected by the extent of surgery. 


Ra Ziation has been hypothesized to be a factor in 
the cevelopment of speech because radiation de- 
crease. the elasticity of the tissues which are utilized 
to d=lop esophageal speech. But, the data from 
this sarvey do not support the hypothesis that radi- 
ation negatively affects speech (Table 3). 


Th=group that never had radiation was expected 
to ha= the highest percent of esophageal speakers. 
Insteed, the group that had radiation before sur- 
gery =chieved the highest percent of esophageal 
speax=*s. The group that had radiation after sur- 
gery achieved the lowest percent of esophageal 
speak="s as expected. The relationship between the 
categeries of radiation and communication is not 
statistically significant, therefore it may be con- 
cluded that radiation therapy is not a determinant 
of cormmunication outcome. 


Spe ch therapists and lay instructors were asked 
in an =en-ended question to enumerate which sur- 
gical actors they felt would “render a patient un- 
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TABLE 3. RELATIONSHIP BETWEEN RADIATION AND 
SPEECH METHOD 


Radiation 
Speech Method After Before Never 
Esophageal speech 40 % 70% 50 % 
Electrolarynx 50 % 15% 30 % 
Writing 10% 15% 20 % 
Total patients 10 20 30 


Lambda = 0.037; chi square = 4.8; significance = 0.307. 


able to learn esophageal speech.” The list of opin- 
ions offered and the percent of the ten responding 
speech therapists/lay instructors who listed the 
surgical factor are presented in Table 4. 


It appears from this list that therapists have dif- 
ferent opinions about which surgical factors pre- 
vent a patient from learning speech. Most speech 
therapists would agree that the excision of all or 
most of the tongue, which is a major articulator, is 
likely to prevent the learning of speech, although in 
this study a patient who had a small partial glossec- 
tomy and a bilateral RND was able to learn speech 
very intelligibly. 


The two patients in category 3 who had surgery 
to close fistulas were good esophageal speakers. 
Nonclosing fistulas of themselves do not seem to 
prevent learning esophageal speech although 20% 
of the speech therapists/lay instructors felt that they 
would. 


We have cited previous studies that conclude an 
intact cricopharyngeal muscle is necessary for 
learning esophageal speech. However, the in- 
dividual whose record specifically states that he had 
a cricopharyngeal myotomy (ie, this muscle was 
cut) did use esophageal speech as his primary 
method of communication. 


Many patients who had a TL and one-sided RND 
learned esophageal speech. Of the four people in 
category 3 who had a TL and bilateral RND, two 
learned esophageal speech although 40% of the 
speech therapists considered RND to be an impor- 
tant deterrent to speech development. 


Neither person in category 4 learned speech. One 
had a pharyngectomy and extensive reconstruction. 
She inserted a rubber bougie in her throat daily to 
dilate her esophagus. The other person had multiple 
operations to remove part of her esophagus. One 
patient in category 3 who had multiple surgeries to 
enlarge and dilate his esophagus and inserted a rub- 
ber bougie into his throat daily to dilate it at home, 
also did not learn speech. These three people are 


TABLE 4. FACTORS FELT TO RENDER PATIENTS 
UNABLE TO LEARN ESOPHAGEAL SPEECH 


Percent of Speech 
Therapists/ instructors 


Surgical Factors Cited Who Cited Each Factor 
Glossectomy or partial glossectomy 50 
Negative effects of preoperative or 

postoperative radiation 30 
Tight, narrow, loose, or damaged 

cricopharyngeal sphincter 40 
Nonclosing fistula 20 
Extent of tissue removed: particularly 

RND 40 
Excessive pain, immobility, or rigidity 20 
Esophageal stenosis 10 
Resection of esophagus or pharynx 10 
Partial jaw removal 10 
Prelaryngectomy stroke 10 
Prelaryngectomy colostomy 10 


subjects whose medical record or interview in- 
dicated surgical excisions on the esophagus. 


CONCLUSION 


This article examines whether certain postsur- 
gical anatomical changes can be identified as 
preventing patients from learning esophageal 
speech. The data presented in this study support the 
belief that there is a relationship between the extent 
of surgery and the ability to learn esophageal 
speech. This deterrent effect is most apparent in the 
extensive surgeries involving the esophagus and 
pharynx. Nonclosing fistulas and RNDs were not 
strong deterrents to learning speech. Radiation was 
found not to be a deterrent to learning speech al- 
though 30% of the therapists/instructors felt it 
would be. 


The beliefs of many speech therapists and lay in- 
structors were not consistent with the findings. Be- 
cause therapists guide patients into communication 
methods which they feel are appropriate on the 
basis of the extent of their surgery, it becomes very 
important that therapists’ and instructors expecta- 
tions are accurate. In particular inaccurate re- 
sponses were concerned with the belief that RND or 
radiation render a patient unable to learn eso- 
phageal speech. 


It is clear from this data that though surgery is a 
factor in learning speech, other factors must ac- 
count for the failure to learn speech among those 
people who are not in the more extensive surgical 
categories. Such factors would include psycholog- 
ical, social support, and speech therapy strategies 
which could have a larger role in acquiring esopha- 
geal speech. 
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OBITUARY — SIR ALEXANDER EWING 





1896-1980 


Alexander Ewing, who might rightly be regarded 
as the founder of British audiology, was born in 
southeast Englaad in 1896. He received the degree 
of Master of Arts from the University of Edinburgh, 
then joined the staff of the Royal Institution for the 
Deaf in Ecdinbu-gh. This was at a crucial point in 
the history of deaf education in the United King- 
dom (UK) since it was at the time when there was a 
changeover from manual to oral education. Ewing's 
deep belief that oral methods were paramount in 
the education cf :he deaf helped many to be in- 
tegrated into ar essentially normal way of life. At 
the same time this philosophy attracted not a few 
critics who believed that visual methods of com- 
munication were not given due scope. 


In 1922 Ewing joined the staff of the University 
of Manchester which was then in the forefront of 
education, having established the first Chair in 
Education in the UK in 1899. However, the Univer- 
sity’s choice of £ woman, Eileen Goldsack, to head 
the newly estabished Deaf Education Department 
was received wi- h misgivings. Alexander provided a 
partial solution -o this problem by marrying Eileen; 
their success in making Manchester the country’s 
leading center ia deaf education was to be the com- 
plete solution. [ndeed, references were always to 
“the Ewings” — never one without the other. This 
duumvirate not only built up the educational facet 
of audiology bit also spawned the physical and 
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medical facets. The physicist T.S. Littler, who join- 
ed the Ewings in the early 1930s, subsequently 
became the Director of the first Medical Research 
Council Audiology Research Unit. The physician 
I.G. Taylor, who joined the team 20 years later, 
succeeded Ewing, crystallizing the concept of 
audiology as a medical specialty. It can rightly be 
claimed that the majority of those in the UK who 
are now concerned with the care and management 
of patients with auditory disorders were trained, 
directly or indirectly, by the Ewings. The recent 
recognition in the UK of the specialty of Audio- 
logical Medicine and the discipline of Audiological 
Science has been the logical consequence of the ef- 
forts of the Ewings’ school and a tribute to that 
team. 


Alexander Ewing was also an organizer and, at 
heart, a scientist. In 1958 he organized a successful 
International Congress and established the first 
University course in audiology in the UK. He was 
always anxious to ensure that whatever he did or 
taught was based upon sound scientific principles. 
The bases for this approach were the postgraduate 
studies that he had undertaken in the late 1920s 
under the direction of the neuroanatomist. Sir John 
Stopford. Ewing was probably the first person in 
the UK to conduct systematic research on hearing- 
impaired subjects using an electronic audiometer; 
he collaborated with Littler in studies of auditory 
adaptation and fatigue. Similarly, he worked with 
E.D.D. Dickson and Littler in British stucies of oc- 
cupational noise-induced hearing loss. 


In 1944 Ewing was designated Director of the 
Department of Education of the Deaf. He was 
elected an honorary member of the American Oto- 
logical Society in 1946. In 1949 he became Ellis 
Llwyd Jones Professor in the Education of the Deaf 
in the University of Manchester; 11 years later he 
was named the first Professor of Audiology in the 
UK. In the previous year his services to the hearing- 
impaired were recognized by the conferment of a 
Knighthood. In 1968 he shared with the late Sir 
Terence Cawthorne the office of Vice-President of 
the IX International Congress of Audiology. The 
British Society of Audiology recognized his con- 
tributions to British audiology by electing him one 
of the first Honorary Life Members. Although his 
first wife predeceased him, he had, thanks to his 
second wife, Lady Ethel, a happy and productive 
retirement. The particular personality characteris- 
tics which were often attributed to Alexander Ew- 
ing were his kindness and his dedication. Let us 
hope that his death has not meant the Ccisappear- 
ance of the last gentleman-scholar in audiology. 


Ronald Hinchcliffe 


LETTERS TO THE EDITOR 


Dear Editor: 


I would like to comment on the use of the term “block 
nystagmus.” Terms denominating various forms of mystagmus 
characteristics are ever increasing. Adding a new name to a well- 
known nystagmus pattern is unnecessary and may be œnfusing. 


One of the major controversies in neurotology is the »ewilder- 
ing multiplication of terminology. Terms are used to dominate 
presence or absence, the plane, direction, intensity, the environ- 
mental condition, and the eliciting factor of vestibular nystag- 
mus. In addition to one and the same nystagmic phemomenon, 
new ad hoc expressions or terms are created by the imdividual 
observer or investigator, resulting in a jungle of words ard phrases 
of Latin-Greek-English origin. 


In a recent article Olson and Wolfe report on “black nystag- 
mus” recorded in a patient with signs and symptoms oi Meniére’s 
disease.' Eventually computerized tomography and myelography 
detected a communicating type of hydrocephalus. Tæ authors 
conclude that certain types of lesions in the brainster result in 
“block nystagmus.” There is also a figure showing three short se- 
quences of oculographic recordings of what the authors term 
block or “kip” nystagmus. The first sequence was obtair ed by po- 
sitioning the head to the back and right. The second and third 
records are results of warm and cold irrigations of the left ear. 
The three records are basically identical and none has the charac- 
teristic of a nystagmus. 


A criterion of the vestibular nystagmus was formalized close to 
a century ago as an involuntary rhythmic eye movement somposed 
of a slow and fast component. The illustration in question does 
not fulfill the basic criterion of a vestibular nystagmus There is 
neither a slow nor a fast component recognizable. Instead it is a 
sequence of back and forth eye movements which are eneountered 
quite frequently in normal individuals as well as in patients. Ever 
since nystagmus has been recorded, this phenomenon was termed 
not as a nystagmus but as square waves. It represents a ‘me, right- 
left search movement of the eye. It is a very common chservation 
and detectable to various degrees in most people (Fig 1). Those 
individuals exhibiting square waves show a marked inc»ease when 
excited by insecurity or fear, whereas there is consicerable de- 
crease at a state of relaxation. Square waves are what @lson and 
Wolfe call “block nystagmus” although it is not a nysta zmus, not 
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Fig. 1. Four samples of square waves selected izom in- 
numerable similar oculographic records of nommal in- 
dividuals and patients. 1) Small amplitude square wave ac- 
tivity. 2) Sequence of square waves with relatively bw fre- 
quency. 3) High frequency continuous square wav=forma- 
tion. 4) Record of restless eye, or some form of oculomotor 
incoordination which cannot be considered pathc_ gical. 
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of vest. bular origin, and certainly not a pathological sign. It is also 
a common observation that when a square waving subject 
under=zoes thermic or rotatory stimulation, the resulting nystag- 
mus sappresses either partially or totally the underlying square 
waves As the stimulatory effect wears out, the square waves 
grada.lly return to the prestimulation pattern. 


Thee are further shortcomings in the evaluation of Figure 1. 
Trac rgs 2 and 3 represent vestibular stimulations from the left 
ear. “> trace of nystagmus is seen. An absence of vestibular nys- 
tagmi- response should be interpreted either as left vestibular 
areflesia or perhaps inadequate stimulation or recording. 


It noteworthy and it was fortunate that this nystagmographic 
misir @rpretation prompted the authors to further investigation 
incluc_ng CT scanning and myelography. However, the hydro- 
cephams so diagnosed would hardly explain the symptoms of re- 
curri attacks of dizziness with a unilateral hearing loss. There is 
no mention of equal loudness balance testing or SISI score, but 
with relatively good discrimination and absent tone decay, it can 
be asamed that it was a cochlear type and not a central hearing 
loss. Thus, the communicating hydrocephalus may be an unre- 
lated ïnding concerning the neurotological symptoms. 


Imc@nclusion, square waves are not nystagmus, are not a speci- 
fic siz of central pathology, and occur frequently in normals as 
well æ in patients, particularly when they are in a state of excite- 
ment. To use an uncalled-for new term as “block nystagmus” is 
misleejing and can be confusing. 


Sincerely yours, 
Nicholas Torok, MD 
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Reprists — Nicholas Torok, MD 
Depaztment of Otolaryngology 

Univesity of Illinois Eye and Ear Infirmary 
1855 W. Taylor Street 

Chicago, IL 60612 


Dear ditor: 

I eajoyed Dr. Robert Sofferman’s “Cranial Arteritis in Oto- 
laryneology” in the May-June 1980 issue of the Annals of Otology, 
Rhin@ogy and Laryngology (89:215-9). I found an otolar- 
yngclegist’s thoughts about this ophthalmologically important 
disee=-very refreshing and informative. However, the author uses 
the ‘erm retinoscopy where he means ophthalmoscopy. 
Retinsscopy is an objective method of detecting errors of refrac- 
tion Ey observing the shadow caused by the margin of the iris 
upor ight reflecting from the retina. Ophthalmoscopy refers to 
the examination of the fundus of the eye using the ophthalmo- 
scop2 just as otoscopy means inspection of the ear using an 
otosecpe. 


D ring retinoscopy one can often detect abnormal corneas, len- 
ticula- opacities, opacities in the aqueous and vitreous humors 
and arge retinal detachments. However, it would be unlikely ret- 
inal callor or papilledema would be noticed while using this diag- 
nostac method. 


I am hesitant to mention some ophthalmologists and optome- 
triste ase the term funduscopy in place of ophthalmoscopy for fear 
it wil encourage further correspondence from a comparably nit- 
pick rg gynecologist. In any case, the substitution of the term 
retincscopy for ophthalmoscopy in this article certainly did not 
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detract in any significant way from this fine review. In fact, there 
is nothing particularly bright about the small correction, it simply 
shines a slightly different light upon the problem. 


Sincerely, 
ALLAN J. FLAcH, MD, Pharm D 
University of California 
San Francisco Medical Center 
Veterans Administration Hospital 
San Francisco 


Dear Dr. Flach: 


Doctor Senturia referred your letter to me out of interest and I 
certainly do appreciate your very kind remarks and constructive 
criticism. I am a strong believer in semantic accuracy and will 
certainly plan to use correct terminology in future references to 
examination of the ocular fundus. The humor in your paragraph 
three actually brightened my day. 


Sincerely, 
RoBERT A. SOFFERMAN, MD 
University of Vermont 
College of Mecicine 
Section of Otolaryngelogy 
Burlington, Vermont 


Dear Editor: 


I write with reference to an article entitled “Epiglottitis: Evolu- 
tion in Management During the Last Decade” by Ralph F. Wet- 
more, MD, and Steven D. Handler, MD, which appeared in the 
November-December 1979 issue of The Annals of Otology, Rhin- 
ology and Laryngology (88:822-6). 


I am in the process of updating our review of the management 
of acute epiglottitis at this hospital from 1964-1976 to 1964-1979. 
I am therefore somewhet amazed to find in the above article the 
following statements: “Until the advent of endotracheal intuba- 
tion for epiglottitis inthe early 1970s . . .” and again, “. . . in the 
early 1970s, several reports appeared recommending endotrache- 
al intubation for epiglottitis” (p. 824). 


May I point out that pioneers in the work of prolonged naso- 
tracheal intubation for several conditions including acute epiglot- 
titis in children were Drs. Tom Allen and Ian Steven at the Ade- 
laide Childrens’ Hospital about 1963 and Dr. Nerida Dilworth of 
the Princess Margaret Hospital for Children commenced using the 
technique in 1964. Their work has been reported in the literature 
and at meetings since that time as has the work of Dr. Ian Mc- 
Donald and the late Br. John Stocks of the Melbourne Children’s 
Hospital, all in Australia. 


I cannot understand the failure of this otherwise excellent 
review to mention this early work, other than perhaps to point 
out that the people mentioned were, or are, pediatric anesthetists. 


Yours sincerely, 
PETER BRINE, FFARCS, FFARACS 


Princess Margaret Hospital for Children 
Perth, Western Australia 


Dear Dr. Brine: 


I want to thank you very much for taking the time to write the 
above letter and to bring this matter to our attention. Our state- 
ment in the article regarding the advent of endotracheal intuba- 
tion for epiglottitis in the early 1970s was meant only to indicate 
the popularity of this technique which appeared at that time. In 
no way did we mean to minimize or ignore earlier contributions 
or studies. The omission of the articles that you mentioned was 
one of oversight and was certainly not intentional. 


Yours truly, 
STEVEN D. HANDLER, MD 


Children’s Hospital of Philadelphia 
34th Street and Civic Center Boulevard 
Philadelphia, Pennsytvania 


Dear Editor: 


I would like to comment on the manuscript by Drs. Wolfe and 
Rowe, “Upper Airway Obstruction in Infectious Mononucleosis,” 
presented at the American Broncho-Esophagological Association, 
April 12-13, 1980, and published in The Annals of Otology, 
Rhinology and Laryngology.' 


While I agree with the authors’ discussion of the management 
of airway obstruction in mononucleosis, I would like to caution 
the treating physician when using corticosteroids in patients with 
infectious mononucleosis. We recently reported the oecurrence of 
peritonsillar abscess in two patients with mononucleosis in whom 
corticosteroids were used to reduce tonsillar enlargement.? At 
least one other article has reported this complication? and I 
suspect that its occurrence is probably more widespread. Because 
of the possibility of this complication in a child whose airway is 
already compromised, I feel that corticosteroids should be used 
only in selected patients with significant tonsillar enlargement 
causing airway obstruction and who are hospitalized. 
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Yours truly, 
STEVEN D. HANDLER, MD 


Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


BOOK REVIEWS 


Allergy and Clinical Immunology 


Edited by Richard F. Lockey. Hard cover, black and white il- 
lustrations, indexed, 1175 pp, 1979. Medical Examination 
Publishing Co, Garden City. Price $35.00 


The purpose of this text as stated in the introduction is to in- 
troduce the rapidly expanding field of clinical immunology and 
allergy to medical students, interns, residents and practicing phy- 
sicians. Dr. Samuel Bukantz in an eloquent foreword reminds us 
that no matter how medicine is specialized and subspecialized, 
clinical immunology and allergy will be part of all branches and 
subbranches. This book is divided into two sections. The first 
deals initially with basic immunology and then relates it to 
various organs or systems emphasizing clinically relevant areas. 
The second section deals with allergies. 


This book fills its mission in some respects and fails in others. 
The cost is certainly a plus feature and is within the means, I 
would think, of most students and physicians. The reader does, 
however, pay other “prices,” in the form of some small type 
which becomes tiring after a period of prolonged reading, and a 
relative absence of photographs. This is especially felt in the 
chapter on allergic dermatoses where the reader has no oppor- 
tunity to see the lesions of urticaria, atopic dermatitis and contact 
dermatitis. Perhaps the most bothersome aspect of the book is an 
exceedingly poor and incomplete index. It is impossible to find 


such important items in the index as anergy, histamine, slow- 


reacting substances of anaphylaxis, etc. 


This text, through no particular fault of its own, suffers from 
the problems associated with a field that is virtually exploding 
with new information. Any text in allergy and clinical im- 
munology is practically outdated by the time it is published. Con- 
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sider for example, the first chapter on B & T cells. The most re- 
cent reference in this chapter is 1976. Therefore, theres a paucity 
of information on vital areas such as macrophage function and T 
& B cell interaction. The chapter on insect sensitivity deals only 
momentarily with pure venom, for this was licensed for skin test 
and immunotherapy in 1979, only a few months befare the book 
was published. 


On the whole, the book is well written and despite the multiple 
authors, there is some continuity of style. Several chapters are 
outstanding in the completeness of their coverage. These include 
immunogenetics, gastrointestinal disorders, malignaacies, and 
asthma. Several other chapters are particularly unique and would 
be difficult to find elsewhere. I particularly enjoyed chapter 17, 
“Active and Passive Immunization.” Chapter 22, “Immunologic 
Techniques,” provides a reasonable overview of a complex sub- 
ject. Chapter 43, entitled “Drugs Important in Allergie Diseases” 
is the result of a survey of 100 allergists and includes tebles of the 
most commonly used antiallergic medications. Chapter 44, writ- 
ten by the editor's father, is the most complete listing available of 
aspirin- and tartrazine-containing drugs. The final chapter, 
“Controversies in Allergies” by Thomas Golbert, is an exceedingly 
comprehensive, well-written, and orderly presentatiomof various 
techniques in allergy which are commonly used, but remain total- 
ly unproved. It is a highly successful effort to put these »rocedures 
in the proper context. 


I would not recommend this book to allergists, ~inical im- 
munologists and others well versed in the field. The index, as 
stated earlier, is a significant drawback and I would h »pe that in 
the second edition the editor would correct this. The »00k does, 
however, provide an inexpensive and reasonably well ritten and 
consistent introduction of this fascinating field to the medical stu- 
dent, intern, resident, and practicing physician. 


RAYMOND G. S_AVIN, MD 


St. Louis, Missour’ 


Basic Industrial Hearing Conservation 


By David F. Barr and Richard K. Miller. Hard ccver, black 
and white illustrations, glossary, appendix, 125 pages, 1979. 
Fairmont Press, Atlanta. Price $26.95. 


This book is designed as an introductory text for the industrial 
nurse or audiometric technician. The outline of the besk is good; 
the text is easy to read and accompanied by numere is illustra- 
tions. With all of these admirable qualities it is disturbing to find 
several important omissions. While a discussion of deeibel nota- 
tion is given in Chapter Two, there is no presentation of the 
meaning of decibel notation with regard to the aud ometer in 
Chapter Four. In Chapter Five, which discusses næse related 
hearing disorders, the sections dealing with inner ear noise 
damage and other mechanisms of damage followed by a discus- 
sion of both auditory and nonauditory effects of noize on man 
tend to leave the reader with the impression thet nonnoise 
damage to the inner ear can be easily determined and that the 
nonauditory effects of noise on man are both measurable and 
meaningful. In the former category this reviewer wishes that 
some discussion of hereditary factors and ototoxic drus had been 
included and that the review of effects of noise on man had in- 
cluded in its bibliography some of the papers which cnestion the 
significance of nonauditory effects in typical work-place environ- 
ments rather than in the laboratory. This reviewer lso wishes 
that the part of Chapter Six which discusses selecting a profes- 
sional consultant had not equated otolaryngologists with 
audiologists, and the discussion of disadvantages of owtside con- 
sultants as compared to the advantages of professional consultants 
is confusing. 


Finally, the chapter on hearing protective devices (Chapter 
Seven) fails to stress the need for continued moritoring of 
employees’ hearing when protective devices are used. 


In summary, this textbook is a useful compilation cf material 
for the industrial nurse, audiometric technician, personnel 
manager, or safety engineer. Several omissions from the basic 
considerations have been noted. The reasons and ne=d for con- 


tinued audiologic surveillance are not stressed sufficiently in the 
text The addition of Appendix A which contains a “model in- 
dustrial audiometric technician course” plus pages for notes im- 
plies that this text is to be used as a handbook for such a course. 
Anc for that purpose, the text should be satisfactory. 


FRANCIS I. CATLIN, MD 


Houston, Texas 


Clinical Voice Disorders: An Interdisciplinary Approach 


By Arnold E. Aronson. Soft cover, black and white illustra- 
tions, indexed, 254 pp, 1980. Thieme-Stratton, Inc, New 
York. Price $19.50. 


This new clinical text is written by the head of the section of 
speech pathology at the Mayo Clinic, who is well known in the 
voice pathology literature for his work on psychogenic voice dis- 
orders. It will become a cardinal trainee text in college programs 
and an important clinical reference periodical for practicing voice 
pathologists. The new text is clearly Aronson’s quintessential 
statement of his approach to hyperfunctional vocal pathology. 
Aronson has now formally stated the extrinsic laryngeal muscle 
relaxation technique that he has developed in the past fifteen 
years to reduce the musculoskeletal tensions responsible, in large 
part, for the majority of hyperfunctional voice disorders. 


The text begins with an attempt to define abnormal phonation, 
thereby introducing some basic vocal pathology terminology. 
Chapter two focuses on anatomy and physiology with an unfortu- 
nate omission of respiratory mechanics for phonation. The chap- 
ter has, however, an important emphasis on laryngeal suspension 
via muscular interconnections of the supra- and infrahyoid 
muscles. There are several original excellent medical illustrations 
of tæ extrinsic laryngeal musculature, illustrating the complex 
but critical suspension phonatory system. The chapter concludes 
with an interesting discussion of the phylogenetic development of 
the human larynx. The next chapter deals with normal voice 
development with an outline of life span changes in pitch from in- 
fant ery to the geriatric voice. Chapters four and five discuss 
orgemic voice disorders with the addition of several less common 
voice-disorders, (normally found in larger medical centers) such as 
cri cu chat, laryngotracheal cleft, laryngomalacia, and, in adults, 
cricrearytenoid arthritis, as well as an excellent presentation of 
the <ysphonias found in upper and lower motor neuron disease. 
Rather than focus on any lengthy comparison of vocal polyps, 
nodes, or granulomas, Aronson chooses to emphasize the less 
common and not well documented disorders of vocal pathology. 
For that reason alone this text is an important addition to the 
general vocal pathology library. Also included is a much needed 
presentation of the endocrine-related vocal disorders, such as, 
hype- and hyperthyroidism, hyperpituitarism, and amyloidosis. 
The text also discusses virilization and myxedematous vocal 
pathelogy, which is a more common clinical occurrence than 
previmusly recorded. Aronson’s discussion will alert clinicians to 
this fact. 


Chapter six is one of the best in the text, presenting psychogenic 
and generalized musculoskeletal tension voice disorders. The em- 
phasis in this chapter is on conversion reaction disorders and their 
clinical history. Aronson defines many of the common vocal disor- 
ders ‘nodules, ulcer, ventricular dysphonia) as due, primarily, to 
“musculoskeletal tensions.” Utilizing case reports the chapter 
cleverly outlines the insidious course of major vocal tension 
pathalogy and their assessment. Chapter seven deals exclusively 
with a very popular but less frequently occurring phenomenon: 
adductor spasmodic dysphonia. It is a thorough and updating 
report of the management, assessment, and present thinking on 
etiology of this enigmatic disorder. 


Tæ chapter on voice examination is brief but important for 
college students entering vocal pathology. The chapter on treat- 
ment is excellent, presenting for the first time in print Aronson’s 
laryngeal manipulation technique to remediate musculoskeletal 
tension disorders. The author includes in this chapter, as he does 
throughout the text, valuable teaching clinical prose between 
clinician and patient with a strong support for dealing with emo- 
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tional and environmental stresses that provoke and/or maintain 
vocal stress. The text ends with a long-awaited chapter on coun- 
seling and interviewing techniques. Aronson discusses psychoneu- 
rotic personalities and now to deal with them through examples of 
clinical patient scripts 


This book is an excellent statement of the nature and care of 
psychogenic voice disorders, neurologic dysphonias, and 
Aronson’s “laryngeal manipulation technique” to relieve common 
musculoskeletal larynweal tension. It will serve as both an ex- 
cellent adjunct to new college trainees in voice pathology, and as 
a very fine clinical resource for the practicing laryngologist or 
resident who requires nore appreciation of the phonatory conse- 
quences of medical disease and their rehabilitation. 


RICHARD M. MERSON, PhD 


St. Louis, Missouri 


The Sounds of Speech Communication: A Primer of Acoustic 
Phonetics and Speech Perception 


By J.M. Pickett. Hard cover, black and white illustrations, in- 
dexed, referenced, 249 pp, 1980. University Park Press, Bal- 
timore. Price $19 95. 


This is the most recent addition to the University Park Press 
Perspectives in Audiology series (Lyle Lloyd, series editor), and 
provides an importart basic science complement to the pre- 
dominantly clinical discussions of previous volumes. 


š 

Pickett cites as his aim “to teach a technical subject, the 
acoustics of speech and its production, to the nontechnical stu- 
dent;” to this end the book is thoughtfully designed. Sentences 
and paragraphs are saort and constructed for maximum com- 
prehensibility; each chapter is introduced with a preview of its 
contents and is closee with a short summary; a topical bibli- 
ography and a set of laboratory exercises follow the text. The pro- 
gression of chapter topics is logical and cumulative, an effective 
structure for a book that hopes to teach. The reader is led gradual- 
ly from a consideratior. of basic acoustics to a discussion of vowels 
as sounds, and thence +o other glottis-dependent aspects of speech 
such as prosody. Later come the consonants and a chapter on the 
acoustical complexities of the voiced-voiceless distinction among 
speech sounds. 


There are some problems with this book, however, which de- 
tract from its effectiveness as an introductory text. The spec- 
togram, an invaluable<ool for understanding and studying speech 
sounds, is often difficult for the beginner. Yet the first spec- 
trogram Pickett uses isa picture of a complete sentence, involving 
a mix of vowels and eonsonants and coarticulations that can be 
confusing for the “nontechnical” student. The author might bet- 
ter have started his discussion of spectrograms with representa- 
tions of simpler sound: — white noise, tones of tuning forks, etc 
— to teach the tool before asking for its application. 


The author also depends heavily on the spectrogram for dis- 
playing speech sounds as a result, he hides from the reader the 
rich detail available inthe speech waveform, a “picture” of sound 
that is attracting much attention among current students of 
acoustic phonetics and speech perception. An oscilloscope would 
not only complement but also supplement the spectrograph 
Pickett prescribes for | is appended lab exercises: students would 
have the advantage of seeing the same aspects of sounds rendered 
in two different ways, and additional exercises focused on the im- 
portant aspects of fine timing for speech sounds could have been 
included. 


Finally, the prospec*ive student or teacher expecting a “primer 
of acoustic phonetics and speech perception” will find that the 
book’s subtitle is miseading. Ten of the 12 chapters are on 
acoustic phonetics; the 11th on “acoustic cues for speech percep- 
tion” is woefully dependent on experiments using synthetic speech 
rather than real speeck; it is essentially a summary of the work of 
a single laboratory, though other workers and approaches have 
been important in thisaresearch. The last chapter, purportedly on 
“models of speech pereeption” is really a discussion of only one, 
the “motor theory” of speech perception; all other theorists are 
demoted to “critics of the motor theory.” One might have ex- 


pected such a bias on the author’s part, given his dedicacion of this 
book to R.H. Stetson. However, it is very possible that Stetson 
with his great interest in physiology would be more impressed 
with recent discoveries about the complex organization of sensory 
systems than with the continued insistence by some speech scien- 
tists that speech depends on physiological arrangements not found 
in other animals. 


The careful teacher might choose to follow closely the first ten 
chapters of this very good book on acoustic phonetics and use the 
last two chapters as points of departure for his own presentation 
on the array of acoustical, psychological, and physiological 
variables that may be important for the perception of speech. 


JUDITH LATTER, PhD 


St. Louis, Missouri 


Evoked Potentials 


Edited by Colin Barber. Hard cover, black and white illustra- 
tions, indexed, referenced, 614 pages, 1980. University Park 
Press, Baltimore. Price $34.50. 


An international symposium on evoked potentials was held in 
Nottingham, England in the spring of 1978. This symposium, at- 
tended by investigators from several countries (primarily Euro- 
pean) resulted in a large number of papers covering the major 
areas of evoked potential work. Colin Barber, with the help of 
Dr. F. Campbell, Professor S. Crews, Mr. W. Gibson. Professor 
Harding, Dr. A. Starr, Dr. A. Thornton and Professor L. van der 
Tweel, selected papers from the symposium for publication in this 
book. Thus, the book does not contain all of the papers presented 
at the symposium. 


The book is divided into two major sections. Part A is a very 
readable history of evoked potential investigation. It briefly but 
adequately covers the history of auditory, visual, and somatosen- 
sory investigation as well as an overview of the measurement 
techniques involved in response measurement. 


Part B is an assembly of individual current investigations di- 
vided into several subsections. The first subsection deals with new 
developments in stimuli generation and response analysis. Par- 
ticularly noteworthy is a study which employs laser technology 
for visual stimulation. The next three subsections cover both basic 
and clinically applied investigations using visual, auditory, and 
somatosensory stimuli respectively. I found the separation of basic 
and applied studies a particularly useful organization. The fifth 
subsection is concerned with psychological correlates of evoked 
potentials. The sixth subsection covers drug and metabolic effects 
of evoked potentials. Finally, the last subsection contains a series 
of papers that deal with evoked potential work in patients with 
multiple sclerosis. 


The book can serve several purposes. As a reference book, it 
provides an historical perspective of all major areas of evoked 
potential work. It provides carefully edited references for both the 
older classic studies and the more recent studies. This is par- 
ticularly valuable since individual investigations tend to be 
published in a wide variety of unrelated and sometimes difficult- 
to-locate journals, government publications, and various books. 


The book also serves as a summary of the current state-of-the- 
art, but its value depends on a particular outlook. On the one 
hand, the “current” investigations are already two years old, a 
fact which poses some problems. Investigators working in a par- 
ticular area are likely to have already obtained the incormation 
and important developments which have occurred since 1978 are 
not mentioned. On the other hand, a two-year delay for such a 
large, comprehensive, carefully organized and edited work is cer- 
tainly reasonable. 


A book which contains an historical perspective and an assem- 
bly of relatively recent studies in all areas of evoked pctentials is 
beneficial as a means of informing individuals of developments in 
related areas. Investigators and clinicians will refer to it quite 
often. 


GERALD R. POPELKA, PhD 
St. Louis, Mo 





Montgomery Tracheal Cannula* 


Boston Medical Products, Inc. 


The Montgomery Tracheal Cannula provides either temporary or long-term access 
to the tracheal airway in situations that require an artificial airway or where access 
is needed for pulraonary hygiene. 





The Montgomery Tracheal Trephine Fenestrator is specially designed to give the 
correct size and simpe opening for insertion of the Cannula. 


Both Cannula anc’ Fenestrator are currently in production and are available from 
Boston Medical P oducts, Inc. 
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Boston, Massach asetts 02110 
617/523-3017 





*Montgomery WVY Silicone tracheal cannula. Ann Otol Rhinol Laryngol 1980; 89:521-528 
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9TH COURSE IN CLINICAL NEUROTOLOGY 
November 9-12, 1981 


ILLINOIS EYE AND EAR INFIRMARY 
UNIVERSITY OF ILLINOIS AT THE MEDICAL CENTER, CHICAGO 


This four-day course of comprehensive study is for the otolaryngologist and neurologist who seek imprcved com- 
petence in the d:agnosis and management of patients with any form of dizziness or disequilibrium. It offers an oppor- 
tunity for developing an understanding of neurotological test procedures which are of proven value in the diagnosis of 
vestibular disorders and reliable in establishing the site of lesion. The course, limited to a small group of participants, 
provides instruction in pathophysiology of the vestibular system with its central connections; diagnostic test methods; 


interpretation cf neurotologic findings and correlation with audiologic and radiologic findings, inclading CT 
dynamic flow studies; medical and surgical management of conditions affecting the vestibular system and principles 
and use of diagnostic equipment. Time will be devoted to in-depth discussion of Meniere’s disease, etiology and dif- 
ferentiation of posture-related dizziness, and to vestibular decruitment as a sign of central pathology. 


Course directors are Nicholas Torok, MD, and Arvind Kumar, MD. Course faculty include Lee R. 
Hamilton, MPH; David Harris, PhD; Cecil W. Hart, MD; Richard Marcus, MD; Brian McCabe, MD; 
Jack Pulec, MD; Oscar Sugar, MD; and Galdino Valvassori, MD. 


Registration fee is $450 ($250 for residents with letter from program director). 
CATEGORY 1 CREDIT: 28 HOURS 


For program brochure and registration details, contact: University of Illinois at the Medical Center, Office of Conti- 
nuing Education Services, 1853 West Polk Street, Room 144, Chicago, IL 60612, (312) 996-8025. 
A83 









Chief, 
Otolaryngology 


Section 


Faculty Rank of 
Assistant or 
Assistant Professor 


Third National Congress 





SOUTH AFRICAN SOCIETY 
of 
OTORHINOLARYNGOLOGY 






October 12-16, 1981 
Maharani Hotel, Durban 









The Department of Surgery, College of 
Medicine and Dentistry of New Jersey, is seek- 
ing an energetic Chief for its growing Section 
of eee in the Department of Sur- 
gery. Qualified candidates will have subspe- 
cialty, preferably in PEDIATRICS; a strong 
clinical background; and be Board Certified. 
Interested candidates should forward curricu- 
lum vitae and letters of recommendation to: 
Abbott J. Krieger, MD, Chairperson. Otolar- 
yngology Search Committee, Chief-Section of 
Neurosurgery, MSB H592. A86 


COLLEGE OF MEDICINE 
AND DENTISTRY 
OF NEW JERSEY 


New Jersey Medical School 


kasd 100 Bergen Street, Newark, N.J. 07103 


Equal Opportunity/Affirmative Action Employer M/F 


The Congress will consist of a one-day Allergy 
Workshop followed by four days of general 
papers. Visiting speakers include Prof. D.F.N. 
Harrison and Dr. John Fredrickson. 








Summaries of papers should be submitted by 
August 31, 1981. 


Registration fee: $90 US dollars (includes a 
full social/ladies program). 


Applications to: John Hamilton, FRCS, 1401 
Durdoc Centre, 460 Smith St., Durban, 4001, 
South Africa. 
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SEMINAR 


COSMETIC FACIAL SURGERY 
sponsored by 


THE AMERICAN FOUNDATION FOF THE MEDICINE AND 
SURGERY OF APPEARANCE 


October 25-30, 1981 
The Royal Orleans Hotel, New Crleans, Louisiana 


DIRECTOR: Jacx R. Anderson, 4D 
Cliaical Professor 
Tulane University Medical Center 
Louisiana State Mecical School 


CO-DIRECTOR: Calvin M. Johnsca, MD 
Assistant Professa 
Tulane University Medical Center 


Accreditatiom: 42 CME hours, Sategory 1 
Contact: Calvin M. Johnson, MD, Suite 322, 1111 Tulane Ave., New Orleans, LA 70112. 


The Department of Otolaryngelogy, University = Minnesota Medical School Announces 


Third Annual A three-day state of the art re- 
° view for otolaryngologists, otol- 

[ n te ma [1 Oma | ogists, and audiologists on diag- 
nosis, treatment and pathophys- 


Symposium iology of Meniere’s Disease, 


Sensorineural Hearing Loss, 


a Chronic Otitis Media, Verti- 
on Clinical Otology go, and Tympanosclerosis, 


and updates on Hearing Aids, 


September 3-5, 1981 Auditory Brain Stem Response, 
Radisson South Hotel Tympanometry, Radiology, and 
Minneapolis, Minnesota Cochlear Implants. 


National and International speakers, among others include: 


John H. Anderson, PhD, MD, Minneapolis Earl R. Harford, PhD, Minneanslis Charles M. Luetje, II, MD, Kansas City, MO 
Charles D. Bluestone, MD, Pittsburgh Lee A. darker, MD, Iowa City Brian F. McCabe, MD, Iowa City 
Thomas A. Christiansen, MD, Minneapolis Albert Hohmann, MD, St. Pax William L. Meyerhoff, MD, Minneapolis 
Arndt J. Duvall, III, MD, Minneapolis John S. Huff, MD, Minneapol- Professor Tauno Palva, Haartmanink, Finland 
Professor Dr. U. Fisch, Zurich, Switzerland Professor L. B. W. Jongkees, 5: - Michael M. Paparella, MD, Minneapolis 
Victor Goodhill, MD, Beverly Hills Anssterdam, Netherlands Maurice Schiff, MD, La Jolla 
Marcos V. Goycoolea, MD, Santiago, Chile Richard Latchaw, MD, Pittsbar=h James L. Sheehy, MD, Los Angeles 
David J Lim, MD, Columbu:, ©H 
For further information, please contact: Off ce of Continuing Meci--| Education, c/o International Symposium 
Box 293, Mayo Memorial Building, 420 Delaware Street, S.E. sinneapolis, MN 55455, (612) 373-8012 


Equal Educational Opporti= ty 








ACTIFED TABLETS 
ON BOARD THE 
SPACE SHUTTLE COLUMBIA 


When a cold'strikes hundreds of miles 
in space, a decongestant can’t afford to fail. 


Actifed Tablets have been in the NASA Space Medicine Kit since 1968. They provided 
symptomatic relief during five Apollo missions: When the Space Shuttle Columbia was 
launched from Cape Canaveral on April 12, 1981, Actifed was on board ready 
to provide dependable decongestant / antihistamine relief if needed. 

For symptomatic relief of winter cold symptoms* 

(and year-round allergic rhinitis)‘ 


ACTIFED Tablets/Syrup 


Each scored tablet contains ACTIDIL” (triprolidine HCl) 2.5 mg, SUDAFED® (pseudoephedrine HCI) 60 mg. 
Each 5 cc teaspoonful of syrup contains ACTIDIL® 1.25 mg and SUDAFED® 30 mg. 








You can count on it! 


*This product has been evaluated as “‘lacking substantial evidence of effectiveness as a 
fixed combination ‘ for this indication. Please see prescribing information. 

*This product has been evaluated as ‘‘probably"’ effective for this indication. Please 
see prescribing information. 


Reference: 1. Johnston RS, Dietlein LF, Berry CA (eds): Biomedical Results of 
Apollo. Washington, DC, National Aeronautics and Space Administration, 
1975, p63. 


IN THE NASA SPACE 
MEDICINE KIT SINCE 1968. 
Now part of the 

Space Shuttle Era. 


ACTIFED Tablets/Syrup 


Each scored tablet contains ACTIDIL® (triprolidine HCl) 2.5 mg, SUDAFEL © 
(pseudoephedrine HCI) 60 mg. Each 5 cc teaspoonful of syrup contains 
ACTIDIL® 1.25 mg and SUDAFED® 30 mg. 


ACTIFED® Tablets and Syrup 


INDICATIONS: Based on a review of this drug by the 
National Academy of Sciences—National Research Council 
and/or other information, FDA has classified the indica- 
tions as follows: 

“Probably” effective: For the symptomatic treatment of 
seasonal and perennial allergic rhinitis and vasomotor rhi - 
nitis. 

‘‘Lacking substantial evidence of effectiveness as a fixed 
combination’: For the prophylaxis and treatment of the 
symptoms associated with the common cold. 

Final classification of the less than effective indications 
requires further investigation. 















CONTRAINDICATIONS: Contraindicated in newborn or preme- 
ture infants; in nursing mothers; for the treatment of lower respiE- 
tory symptoms including asthma; in patients hypersensitive to: |) 
triprolidine hydrochloride and other antihistamines of similar 
chemical structure; and/or 2) sympathomimetic amines incluc- 
ing pseudoephedrine; in patients on monoamine oxidase inhibitr 
therapy (see Drug Interactions Section). 


WARNINGS: Use with considerable caution in patients with: 
increased intraocular pressure (narrow angle glaucoma), steno 
ing peptic ulcer, pyloroduodenal obstruction, symptomatic pros 
tatic hypertrophy, bladder neck obstruction, hypertension, 
diabetes mellitus, ischemic heart disease, hyperthyroidism. 


Sympathomimetics may produce central nervous stimulation 
with convulsion or cardiovascular collapse with accompanying 
hypotension. 


Use in Children: As in adults, the combination of an antihista- 
mine and sympathomimetic amine can elicit either mild stimul=> 
tion or mild sedation in children. In the young child, mild 
stimulation is the response most frequently seen. In infants and 
children, especially, antihistamine in overdosage may cause ha- 
lucination, convulsion or death. Large doses of pseudoephedrire 
are known to cause asthenia, lightheadedness, nausea and/or 
vomiting. 

Use in Pregnancy: Experience with this drug is inadequate to 
determine whether there exists a potential for harm to the devel- 
oping fetus. 


Use with CNS Depressants: Triprolidine has additive effects with 
alcohol and other CNS depressants (hypnotics, sedatives, tran- 
quilizers, etc.). 


Use in Activities Requiring Mental Alertness: Patients should be 
warned about engaging in activities requiring mental alertness £ = 
driving a car or operating appliances, machinery, etc. 


Use in the Elderly: (Approximately 60 years or older): Antihista- 
mines are more likely to cause dizziness, sedation and hypoten- 
sion in elderly patients. Overdosages of sympathomimetics in 
this age group may cause hallucinations, convulsions, CNS 
depression, and death. 


PRECAUTIONS: Use with caution in patients with history of 
bronchial asthma, increased intraocular pressure, hyperthyroic 
ism, cardiovascular disease, hypertension. 





DRUG INTERACTIONS: MAO inhibitors prolong and intensify 
the anticholirergic (drying) effects of antihistamines and overall 
effects of symp. thomimetics. Sympathomimetics may reduce 
the antihyper ersion effects of methyldopa, decamylamine, 
reserpine, and veratrum alkaloids. 

ADVERSE REACTIONS: The most frequent adverse reactions 
are underline=: 

1. General: Crticaria, drug rash, anaphylactic shock, photosensi- 
tivity, excessiveDerspiration, chills, dryness of mouth, nose and 
throat. 

2. Cardiovascu.ar System: Hypotension, headache, palpitations, 
tachycardia, e@crasystoles. 

3. Haematol age System: Hemolytic anemia, thrombocyto- 
penia, agranuccytosis. 

coordination, fatigue, confusion, restlessness, excitation, ner- 
vousness, tremor, irritability, insomnia, euphoria, paresthesias, 
blurred vision. « iplopia, vertigo, tinnitus, acute labyrinthitis, hyste- 
ria, neuritis, co@vulsions, CNS depression, hallucination. 

5. G.I. System: Epigastric distress, anorexia, nausea, vomiting, 
diarrhea, constgpation. 

6. G.U. Systeaz> Urinary frequency, difficult urination, urinary 
retention, ea menses. 

7. Respirato-y System: Thickening of bronchial secretions, tight- 
ness of chest aad wheezing, nasal stuffiness. 


OVERDOSA/.G=: Overdosage reactions may vary from central 
nervous system depression to stimulation. Stimulation is particu- 
larly likely in children, Atropine-like signs and symptoms: dry 
mouth; fixed. dilated pupils; flushing; and gastrointestinal symp- 
toms may alsae=occur. 


If vomiting has mot occurred spontaneously the patient should be 
induced to voit. Precautions against aspiration must be taken, 
especially in ivants and children. If vomiting is unsuccessful, 
gastric lavage isaindicated within 3 hours after ingestion and even 
later if large am»eunts of milk or cream were given beforehand. 
Isotonic and “aaisotonic saline is the lavage solution of choice. 
Saline cathari+ s, as milk of magnesia, draw water by osmosis 
into the bow. nd therefore, are valuable for their action in rapid 
dilution of bow=! content. Stimulants should not be used. Vaso- 
pressors may be used to treat hypotension. 


DOSAGE ANE ADMINISTRATION: Dosage should be individu- 
alized accord to the needs and the response of the patient. 


Tablets Syrup 
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Adults and eBildren 12 
years anc wider 


Children 6 t>I2 years 
Children 4 to» years 
Children 2 to years 


Children 4 months to 2 
years 


HOW SUPPL EB: 
Actifed® Tabiets—Bottles of 100 and 1000: unit dose pack of 100. 
Actifed® Syru»s— Bottles of 1 pint and 1 gallon. 


Unit of Use: 
Tablets—Bott:ssof 30 and 100 with child-resistant cap. 
Syrup—4 oz. stle with child-resistant cap. 
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Burreughs Wellcome Co. 
Resesrch Triangle Park 
Nort. Carolina 27709 





UNIVERSITY OF WASHINGTON 


Department of Otolaryngology — Head and Neck Surgery 
and the 
Continuing Medical Education Department 
in conjunction with 
Seafair — Seattle’s Summer Festival 
offer a symposium 


GREAT DEBATES IN OTOLARYNGOLOGY 1981 
August 6-8, 1981 


Guest Faculty: Robin Cotton, MD; Richard Goode, MD: Brian F. McCabe, MD; Eugene Myers, MD; 
Harold F. Schuknecht, MD; Harvey Tucker, MD; and Paul Ward, MD; plus Faculty 
from University of Washington. 


Program Director: Charles W. Cummings, MD 
Professor and Chairman, Otolaryngology 
University of Washington School of Medicine 


A panel format will highlight contemporary solutions to difficult diagnostic and management problems. 
For further iaformation contact: Continuing Medical Education, SC - 50, University of Washington, 


Seattle, WA 98195, (206) 543-1050. 
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HEAD AND NECK ONCOLOGY 
UPDATE 1981 


A Mult:disciplinary Workshop 
October 3, 1981 


POSTGRADUATE COURSE 
IN 
CLINICAL ALLERGY 


Basic 1-2-3 Course in Serial Dilution, 
Skin Endpoint Titration and 
Food Allergy 


HYATT REGENCY HOTEL 
(Adjacent to Crown Center) 
2345 McGee Street 


Sponsor: Boston University School of Medicine 
Department of Otolaryngology — 
Head and Neck Surgery 


Course Directcr: Stanley M. Shapshay, MD 


Kansas City, MO 64108 
October 30 - November 4, 1981 


Place: Boston University Medical Center 
Fee: $100 


Limited number of registrants may participate in 
titration and food allergy testing. Demonstrations to 
follow on November 5 and 6, 1981 (advance and 
separate registrations required). 


Pre-registration: James W. Willoughby, MD, 1125 
Grand Ave., Suite 1505, Kansas City, MO 64106, 
(816) 842-6262. 


AMA CME Category I Credit 
Hour for Hour 


Accreditat.on: 7 hrs. Category 1 AMA; 
7 hrs. American Dental Assoc. and 
Academy of General Dentistry 


Information: Ms. Donna Marcy, Dept. of 
CME, Boston University School of Te Sa 
80 E. Concord St., Boston, MA 02118. Tele- 
phone: 617-247-5602 
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SURGICAL ANATOMY 
AND 
TECHNIQUES 
of the 
TEMPORAL BONE 


Dailas Foundation of Otology 


Fee: $650 — Practicing physicians 
450 — Residents 
Non-refundable after ten days prior to coarse 
dates. Deposits of $100 and $50 respectively 
accepted on these amounts. 


1981-82 dates: Sept. 6 - Sept. 11, 1981 
Jan. 31 - Feb. 5, 1982 


Contact: Fred D. Owens, MD, Dallas Foun- 
dation of Otology, 3600 Gaston Ave., Barrett 
Tower Suite 1105, Dallas, TX 75246, (214) 
742-2194. 


TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Department of Otorhinolaryngology 
University of Michigan Medical School 


Malcolm D. Graham, MD, Course Diree-or 


Oct. 19-23, 1981; Nov. 30-Dec. 4, 1981; 
Jan. 18-22, 1982; March 8-12, 1982; 
June 14-18, 1982; Sept. 20-24, 1982; 

Nov. 8-12, 1982 


Intensive one-week courses emphasize the surcical 
and anatomical approaches to temporal bone and 
are presented in a manner relevant for the otaləgic 
surgeon, utilizing lectures, videotape presentations 
of surgical techniques and temporal bone dissection. 


Mornings and afternoons are spent in the dissection 
laboratory giving extensive drilling experienc= in 
both temporal bone anatomy and surgical t2ch- 
niques. Lectures and demonstrations providec by 
faculty of the Dept. of Otorhinolaryngology and 
Kresge Hearing Research Institute, blending ‘asic 
science and clinical otologic instruction. Dissection 
instruments will be provided. 


FEE — $1000 


90 Hours Category I CME Credits 


For further information contact: Malcolm D. 
Graham, MD, Dept. of Otorhinolaryngotegy, 
University of Michigan Medical Center, Ann Ar por, 
MI 48109, (313) 764-4131 or (313) 763-5115. A45 
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UPPER RESPIRATORY TRACT 
CILIARY ULTRASTRUCTUR+*L PATHOLOGY 


FRED S. HERZON, MID 
ALBUQUERQUE, NEW MEXE D 


Nasal and sinus ciliary ultrastructure was evaluated in 16 patients with vaus pathologies of the upper respiratory tract including 
sinusitis, nasal polyposis, purulent rhinitis, and rhinitis medicosa. Ultrastructezal findings include absent dynein arms, central tubule 
disorientation, radial spoke defects, atypical microtubule patterns and ciliary membrane abnormalities. Examples of each condition are 


presented and the implications of these findings are discussed. 


INTRODUCTION 


Cilia perform an effective and vital protective 
function in the upper and lower respiratory tract. 
Much of the early clinical research on cilia focused 
on their involvement in moving the mucus blanket 
within the nose.' In the early 1960s observations of 
aberrant ultrastructural patterns of cilia were re- 
ported.?>* Afzelius described cilia and flagella in 
normal animal populations that did not con:erm to 
expected ultrastructural patterns. Although these 
findings were isolated, they fostered interest in 
ultrastructural pathology of cilia. With the findings 
of absent dynein arms within sperm tails, further 
research in the last decade was geared toward infer- 
tility and immotile sperm.®ć As ciliary structure is 
consistent throughout the body this work was redi- 
rected to the respiratory tract and led to the initial 
ciliary ultrastructural pathologic observations.” *$ 
This paper will present ciliary ultrastructural 
pathology found in various upper respiratory tract 
diseases and review the present knowledge concern- 
ing this pathology. 


METHODS 


Ciliary biopsies were taken from the posterior and middle one 
third of the inferior turbinate of 16 patients. The biopsies were 
obtained with a biting forceps or by curettage with small sinus 
and buck ear curets. Both the biopsied and the curetted material 
were fixed in 2.5% glutaraldehyde in an 0.075 M calcium hydro- 
chloride buffer for 24 hours. The curetted material was centri- 
fuged and the resulting pellet was processed. After rinsing in caco- 
dylate buffer the biopsy was fixed for one hour in 1% osmium te- 
troxide and block stained in uranyl acetate for three hours and 
then dehydrated in graded series of alcohol. The biopsies were 
embedded in Epon 812®. Silver-to-grey thin sections were cut on 
an ultramicrotome and stained with uranyl acetate and lead ci- 
trate, and photographed in a Hitachi HS75 electron microscope. 


CILIA STRUCTURE AND PHYSIOLOGY 


A cilium is composed of a sheath of micretubules 
called an axoneme. The microtubules are im a 9 + 2 
pattern which is consistent for all cilia in the body 
(Fig. 1). The nine outer doublet microtubules are 


compcsed of two subfibers, A and B. Two arms and 
a radia spoke are attached to subfiber A. The arms 
are dyaein molecules which exhibit adenosine tri- 
phosp-=atase (ATPase) activity. The entire axoneme 
is surrounded by a cell membrane." 


The >asic motion of cilia is thought to be caused 
by the microtubules in the outer ring of doublets 
sliding past one another (Fig. 2). Energy for this is 
derivec from dynein breaking down adenosine tri- 
phosp-ate (ATP). The actual bending of a cilium is 
thouz-t to be caused by the radial spokes detaching 
and attaching at specific intervals along the 
sheatL surrounding the central doublet and thus 
creati-g a shearing force which in turn causes the 
bendi-z.’® 


Cil = of the respiratory tract have a metachronal 
rhytha in which cilia in successive rows beat se- 
quenfially so that each row starts at a slightly dif- 
ferent -ime and a wave is produced which can move 
mucus The direction of the beat is always along the 
axis ( “g. 1). The exact mechanism of control of the 
beat, aowever, is not known. Some of the factors 
whick are known to affect frequency and its coordi- 
natiow are ATP concentration, temperature, dy- 
nein, :alcium and magnesium concentration, and 
the viscosity of the medium in which the cilia 
beat. © 


RESULTS 


Dur ein. Figure 3B shows a cilium from a nasal 
biopss of a 12-year-old female with sinusitis and 
chron-c inflammatory pulmonary disease. The pa- 
tient does not have situs inversus. The figure illus- 
trate- an absence of dynein arms on the A subfiber. 


Racial Spokes. Two cilia from a 72-year-old male 
with -hinitis medicosa are presented in Figure 4. 
The = lium on the bottom shows a 9 + 4 pattern and 
no osservable radial spokes. A clear area can be 
seen =1rrounding the two central doublets in which 
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SUBFIBER A 









SUBFIBEF B 
CILIARY MEMBRANE 


AXONEME - ` 
A ARMS 


Fig. 1. Individual cilium cross section. 
Each doublet microtubule has two subfibers, 
A and B; arms project from subfiber A 
toward the next microtubule’s subfiber B (see 
doublet 6). The axis is an imaginary line 
defining the plane of the cilium’s effective 
stroke, bisecting the bridge, the central 
microtubule pair and the doublet designated 
No. 1. Cilium is viewed here from base 
toward tip. (From Satir P.” Reprinted with 
permission. ) 











N 9 
CENTRAL Ñ 7 
MICROTUBULE Pa 
RADIAL SPOKE 
a 
OEO d = 
MICROTUBULE i SPOKE HEAD 


CENTRAL SHEATH INTER DOUBLET LINK 


Fig. 2. Sliding of microtubules. The 
sliding is manifested by differences in the 
pattern of subfibers near the tip of the 
cilium. Here the relations ameng sliding, 
bending, and tip pattern are shown for two 
doublets, nos. 1 and 6, in the three stroke 
positions: straight up, bent in the effective- 
stroke direction (right), and bent in the 
return stroke direction (left). The arrows 
mark equal distances along the microtubules 
from the beginning of the bend. Because the 
microtubules are flexible but of constant 
length the doublet on the inner, concave side 
of a bend must slide tipward. As the three 
base-to-tip cross section diagrams of the in- 
dicated part of each cilium show, in the 
straight position all subfiber Bs should be 
present but in the bent positions subfiber B of 
the doublets on the outer side of the bend 
will be missing. The expectation is confirmed 
by the three electron micrographs (top, 
x100,000 approx.). When the dynein arms 
cause microtubules to slide past ene another 
sheer resistance (thought to be the result of 
radial spokes detaching and reattaching 
along the central sheath) in the cilium 
changes sliding to bending. (From Satir P.” 
Adapted with permission.) 


DIRECTION OF 
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Be arms. Ar- 
where they 


Fig. 3. Cross section of cilium without d 
rows point to A) normal dynein arms an 
are missing. (x75,000) 


no radial spoke material can be seen. This is con- 
trasted with the cilium above it in which the radial 
spokes can be made out leading to a normal single 
central doublet. 


Pathology of Microtubules. Many variations of 
microtubule pathology were observed. A 9+3 pat- 
tern is clearly seen in the cilium in Figure 5 from a 
patient with rhinitis medicosa. A maxillary simus bi- 
opsy from a 17-year-old female with systemic 
rheumatoid arthritis and subacute maxillary sinus- 
itis is shown in Figure 6. A cluster of three eilia is 
observed with an 8 + 4 pattern. The single subfibers 
in the cilium in the lower part of the figure prob- 
ably represent a normal cross section near the tip of 
the cilium. Figure 7, a nasal biopsy from a 1=-year- 
old with severe nasal polyposis, reveals twe fiber 
abnormalities, an extra subfiber on the outside of 
the 9+ 2 configuration and an absent B subfiber 
within the standard 9 + 2 pattern. Incomplete sub- 
fibers are more clearly demonstrated in Figure 8, 
from a 3'/,-year-old with asthma and sinusitis. It is 
impossible to tell whether it is the A or B subfibers 
that are incomplete. This extensive subfiber anama- 
ly has not been previously described. 


Orientation. The nasal biopsy of a 2-year-old 
with rhinitis and middle ear effusion (Fig. 9) il- 


E Te cae i 
a ed hen 7 E 


f .. 4. Radial spoke abnormality, 9 + 4 pattern. Arrow- 
headoints to the clear area in w hich no radial spoke ma- 
teri. can be seen. The arrow in the upper cilia points to a 
norasal spoke. (x140,000) 


lustratss a marked variation in the axis through the 
centra doublet between various adjacent cilia. 
Oriertetion abnormalities are also revealed by ex- 
amin:ns the foot processes of cilia as seen in Figure 
10 in hich virtually a 90° angle can be observed 
betweea two adjacent cilia. 


Meræbrane Abnormalities. Compound cilia are 
those ~hich have a single cell membrane but con- 





=E.. 5. Cross section of cilia with a 9+3 pattern. 


(x}4_,000) 
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Fig. 6 Multiple cilia with 8+ 4 pattern. (x100,000) 


tain, in varying degrees, multiple axonemes im- 
mersed in greater or lesser amounts of cytoplasm. 
Figure 11 illustrates a cross section of such a cilium. 
Figure 12 reveals a longitudinal section of a smaller 
but similar type cf adhesive compound cilium.'* A 
second kind of compound cilium is the bulging type 
(Fig. 13) in which there is a much greater amount 
of cytoplasm and a few irregular axial filaments 
either in whole or in part seen within the cell mem- 
brane. 


Although not previously described, Figure 14 
represents what is felt to be essentially a fused cili- 
um rather than a microtubule abnormality. The 
figure illustrates a central normal-appearing ax- 
oneme with multiple doublets surrounding it. Fig- 
ure 15 illustrates what might be the predecessor of 
such a cilium in which there is a partial fusing of 
two adjacent cilia with their component micro- 
tubules. 


Table 1 represents a summary of the 16 patients 
whose cilia were examined for ultrastructural de- 
fects. Abnormal! cilia were found in 11. Two, one 
with Kartagener’s syndrome”? and another with 
chronic sinusitis, had what appeared to be normal 





Fig. 7. 1+9+2 pattern. Arrows point to extra tubules. 
The arrowhead points to a missing A subfiber. (x150,000) 


ciliary ultrastructure. In three patients with various 
diagnoses no cilia could be found on the biopsies. 
Nine had ultrastructural defects other than com- 
pound cilia. In two others the ultrastructure was 
normal except for the finding of multiple compound 
cilia. In seven patients, compound cilia were noted 
either alone or in conjunction with other ultrastruc- 
tural abnormalities. 


DISCUSSION 


In 1975565 the lack of dynein arms on the A sub- 
fiber of human spermatazoa and the cilia of the re- 
spiratory tract were described. Further observa- 
tions’ characterized the “immotile cilia syndrome” 
which affected the entire respiratory tract. Addi- 
tionally, disorientation of the central tubules was 
also proposed as contributing to this syndrome. 


As the ATPase activity of dynein is thought to be 
necessary for ciliary motility, the lack of that activi- 
ty has been proposed as the pathophysiology of Kar- 
tagener’s syndrome. It was proposed that this was a 
congenital anomaly compatible with an autosomal 
recessive mode of inheritance.*! Afzelius,” in his ini- 
tial discussion of this syndrome, postulated that the 
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Fig. 8. pie subfibers are missing througheu the 
outer nine doublets. (x125,000) 


defect could be either that the subject cowd not 
produce dynein or that the dynein could not attach 
to the A subfiber. Additionally, he felt that because 
of the embryological need for motile cilia causing 
rotation of organs during development that mmo- 
tile cilia might also be responsible for the situs in- 
versus. Recent data by Forrest et al,”? where viable 
cilia from patients with Kartagener’s syadrome 
were removed and activated by adding ATPase, 
would seem to indicate that the defect in the syn- 
drome is an inability to produce the dynein rather 
than one of attachment. 


Only one patient with a dynein defect hes been 
followed. After the diagnosis was established very 
aggressive and radical sinus surgery was performed 
in order to promote drainage and clear the upper 
respiratory tract of infection. For a short time this 
was successful; however, even with adequate “me- 
chanical” drainage, purulent rhinitis and s nusitis 
persisted in association with a chronic mic dle ear 
effusion. The significance of the Forrest sudy is 
that it not only suggests the specific problem n Kar- 
tagener’s syndrome but also leaves hope tha* people 
with dynein defects may be helped by spec -ic bio- 
chemical correction. 


In 1962 Satir* described what in effect was a 
radial spoke and fused cilium abnormality in a clam 
gill. Sixteen years later Sturgess et al'' desc-ibed a 
family in whom radial spoke abnormalities were de- 
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F - , 9. Cilia cross sections with central tubule axes vary- 
ing —vond 25°. (x45,000) 


tectec in the upper and lower respiratory tract. 
They cescribe and make the case for a congenital 
defect. Cilia described showed eccentric and multi- 
ple cætral tubules with 6+ 2, 9+4, etc, patterns. 
Clear spaces around the central tubules were inter- 
preted to be abnormalities in the radial spokes. In 
the present study, similar cilia were found in a more 
isolated fashion. Figures 4 and 5, from the patient 
with © ainitis medicosa and no lower respiratory pa- 
tholo<’. have identical abnormal patterns to that 
descr# ed by Sturgess et al. Cilia from the sinus of a 
16-year-old female with maxillary sinusitis also 
maniæst similar changes (Fig. 4). These data would 
sugges that similar findings may be the result of ac- 
quire disease. 


Mi--otubule patterns other than the normal 9 + 2 
have keen described by Afzelius? and Pitelka’ in 
vario & lower animals. These patterns, among them 
2+6+2,5+8+2,9+4 and 10+4, were found in 
normed populations of sea urchins, mussels, and 
worn :. Takasaka et al'* described six cilia found in 
three »atients from some 25 studied with upper re- 
spira ry pathology with atypical microtubule pat- 
terns. Konradova et al?? observed 140 anomalous 
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~g. 13. Bulging compound cilia. Arrows note limited 
arm sometimes irregular microtubules. 
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Fig. 14. Fused ci-ia. There are multiple extra doublets 
surrounding a no-mal 9+ 2 axonome. (x124,000) 


cilia with patterns such as 8+ 2 and 9 + 0. Virtually 
all of the variations described have been observed in 
the present matezial (Figs. 4-7, 13). One of the ma- 
jor issues is the significance of these findings as these 
cilia have been observed within normal animal pop- 
ulations?-* and the amounts seen have been limited. 


It seems possibie that major microtubule changes 
such as an 8+4 cr a 9+3 would interfere with 


Fig. 15. Partial fusing of two adjacent cilia. Possible 
predecessor of fused cilia in Fig. 14. (x134,000) 


ciliary function by interfering with radial spoke 
detaching and reattaching along the central sheath 
and interfering with the axis of motion. It is also 
likely that unless these abnormal cilia made up a 
significant proportion of the cilia that no major 
respiratory tract dysfunction would occur. Figures 
16 and 17 show a wide field of cilia from two pa- 
tients with chronic sinusitis and rhinitis medicosa 


TABLE 1. RESULTS OF ULTRASTRUCTURAL ANALYSIS 





Patient Age Diagnosis Biopsy Ultrastructure Results Figure 
l 15 Nasal polyposis IT Extra microtubules 7 


2 50 Nasal polyposis 
Chronic MS 
3 2 Kartagener’s syndrome 
4 3'4 Asthma 
MS 
5 2 Rhinitis 
Serous otitis 
6 2 Cystic fibrosis 
7 12 Rhinitis medicosa 
8 7 Rhinitis 
9 17 Subacute MS 
Rheumatoid arthritis 
10 25 Chronic MS 
Deviated nasal septum 
ll 40 Chronic MS 
12 12 Kartagener’s syndrome 
13 3 Rhinitis 
MS 
14 70 MS 
15 12 Chronic pansinusitis 
Multiple lobe syndrome 
16 5 Rhinitis 
MS 


MS - Maxillary sinucitis; IT - Inferior turbinate; MA - Maxillary antrum. 


Missing B subfibers 
Compound cilia 


MA 


IT Multiple microtubule defects 14,15,16 
Compound cilia 

IT Normal ultrastructure?’ 3 

IT Absent A and B subfibers 8 
Compound cilia 

IT Central tubule disorientation 9 

IT No cilia found 

IT Multiple microtubule defects 4,5,10,17 
Disorientation 

IT Compound cilia 

MA 8+4 Microtubule defects 6 

MA Nermal ultrastructure 

IT Ne cilia found 

IT Absent dynein arms 
Cempound cilia 

IT Multiple compound cilia 11,12,13 

IT No cilia found 

IT Absent dynein arms 3 


Compound cilia 


IT Basilar foot disorientation 


4+9+2,2+9+2 microtubule defects 
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Fig. 16. A wide field of cilia with multiple defects. a - 9+ 1; b - Eccentric central microtubules — radial spoke abnor- 
mality; c - 9+ 4; d - Multiple central microtubules; e - Axis disorientation. (x48 ,000) 
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Fig. 17. Wice field of cilia with multiple abnormalities. a- 9+ 3; b-8+3:c-94+1:d-94+4:e-9+ 0; f - Axis disorienta- 
(x48,000 


CILIARY ULZTRASTRUCTURAL PATHOLOGY 1] 





Fig. 18. Cross section of cilia from a mouse. Note the 
central axis deviations beyond 25°. (x55,000) 


respectively. As there is significant micretubule 
pathology throughout the fields there woud be a 
question concerning its effect on the disease. These 
observations do not represent a quantitative ultra- 
structural evaluation of these patients’ cilia but they 
do show that the microtubule defects observe 1 were 
not isolated phenomena. 


A line drawn through and perpendicular to the 
two central microtubules of a cilium is assigned as 
the axis through which it moves." The accepted 
variation of the axis between adjacent cilia is rom 5 
to 26°.° The variation in Figures 9 and 10 elearly 
approaches 90°. There is, however, some question 
that the disorientation is pathological if it is an 
isolated finding. 


In Satir’s** study of the normal metaearonal 
wave, differences in axes between adjacent cilia 
were measured up to 90°. Additionally, Omcto and 
Kung? describe rotation of central tubcles of 
paramecium of up to 360°. Depending, the-efore, 
on when a biopsy is taken and a fixation occurs, it is 
conceivable that an orientation of up to 90° could 
be seen between adjacent cilia. 


Fig 19. Nasal cilia from a mouse with a compound cilia 
preser t. (x28,000) 


One of the controls in the Jahrsdoerfer et al"? 
study ef middle ear cilia had “poor central tubule 
orientation.” Figure 18 represents a ciliary field 
from a mouse without respiratory disease in which 
the orientation is far greater than 5 to 25°. It would 
seem -hen that unless orientation is irregular 
througnout a large field of cilia and is associated 
with e her abnormalities (Figs. 16 and 17), that one 
cannot make the assumption that disorientation 
alone 5 the cause of ciliary dysfunction. 


Mucn has been made of the pathologic signifi- 
cance #f compound cilia in both the upper and low- 
er respiratory tract and middle ear mucosa.*''”''*:"® 
These cilia were found in seven of the patients 
studiec here, with that being the sole “abnormal- 
ity” te and in two. Figure 19 represents a field from 
a mou e without any known respiratory pathology 
which clearly shows some compound cilia. Al- 
though Lupin and Misko’ imply that these com- 
pound and “megacilia” may be the fundamental 
pathclogy in Kartagener’s syndrome it would seem 
possibE that they are the result of an acquired pro- 
cess. l: there were enough of these cilia they might 
contribute to cilia dysfunction. This, however, has 
not been proven. 
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In 3 of the 16 patients no cilia were found on bi- 
opsies taken from the posterior two thirds of the in- 
ferior turbinate. It is unlikely that these patients 
have no cilia but rather for some reason it was 
technically difficult to find the cilia in the biopsy 
material. 

One has to be extremely careful in suggesting that 
ciliary ultrastructural abnormalities cause specific 
disease states. Available quantifying methods can- 
not measure the extent to which these abnormalities 
interfere with normal function. The only ciliary 


defect which can directly cause respira-ory pathol- 
ogy is dynein absence. Although Sturgess et al imply 
that there is a primary radial spoke abnormality 
causing respiratory disease, similar findings in the 
present material indicate that some acquired pro- 
cess could be involved. Careful prospective and 
quantitative studies are necessary in order to clarify 
the meaning of the other observed cilia variations. I 
propose to examine this question by s-adying the 
results of infectious and chemical injury on the cilia 
of animals. 
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INTRODUCTION 


CHAELES D. BLUESTONE, MD 


PITTSBURGH, PENNSYLVANIA 


Otolaryngologists teach all phases of medizal ed- 
ucation to students and house staff officers and are 
often involved in continuing education prezrams. 
Because of this academic interest in otolaryngology, 
we have asked some of the leading authoritie in this 
country in infectious diseases to speak to ıs and 
share their ideas, concepts and facts concerning the 
use of antimicrobials. 


It has been brought to my attention by in&ctious 
disease experts that surgeons in general meed to 
know more about antimicrobial therapy as well as 
the basis of the infectious disease process. Depend- 
ing on which aspect of otolaryngology you are in, 
you may prescribe antimicrobial agents with every 
patient or only infrequently. As a pediatric otolar- 
yngologist, I find myself prescribing antimicrobials 
not just daily but with almost every patient I see. 


So often meetings I attend deal with comelicated 
surgical procedures while failing to address the 
more general question of which antimicrobial 
agents are best for which infections. Eli Lilly and 
Company has a new antimicrobial drug which they 
have been working with for many years. Ceelor® is 
the trade name and cefaclor is the generie name. 


We are not here to discuss cefaclor specifically, but 
to discuss antimicrobial therapy for infections of the 
ear, nose and throat and the head and neck. 


This is not intended to be a rigid, formal meeting. 
I hope that there will be a free exchange of ideas 
through the panel discussions and question and an- 
swer periods, and I hope there will be many ques- 
tions. This is not a meeting limited to cephalospor- 
ins, although we anticipate that they will be men- 
tioned frequently as they come up during the natur- 
al coarse of the discussions by the speakers. At the 
end of the meeting we have asked Dr. Robert Kam- 
mer. who has been working on cephalosporins for 
Eli Lilly and Company, to review their data on 
some-of the cephalosporins and some of the most re- 
cent information which they have accumulated 
about cefaclor. 


So I think we here are blessed with an invitation 
to learn, and I hope that by the end of this meeting 
we will have all gained something in terms of the 
treatment of our patients, the education of our 
students and the education of physicians who are 
responsible for continuing education. 


CLINICAL PHARMACOLOGY OF THE ANTIMICROBIAL AGENTS 
FOR INFECTIONS IN THE EAR, NOSE AND THROAT 


HAROLD C. NEU, MD 


New YorK, NEW YORK 


Knowledge of which microorganisms cause infection in the ear, nose and throat must be coupled with an understanding of the suscep- 
tibility patterns of these bacteria as well as knowledge of the pharmacokinetic properties of antimicrobial agents. Even though many of the 
bacteria which produce community-acquired infection are susceptible to the older agents, specific problems have developed with regard to 
species such as Hemophilus influenzae and to Staphylococcus aureus. Hospital-acquired infections due to Enterobacteriaceae may be resis- 
tant to the penicillin drugs and to some of the older cephalosporins and aminoglycosides. Use of the new agents often requires an under- 
standing of how rapidly the compounds are cleared from the body or if they will accumulate to toxic levels in the elderly patient with 
decreased renal function. This article reviews the antimicrobial activity and clinical pharmacology of agents commonly used to treat infec- 


tions of the ear, nose and throat. 


The proper use of antimicrobial agents in the 
treatment of infections of the head and neck sup- 
poses that the otolaryngologist has an appreciation 
of both the microorganisms involved in infections in 
his area of the body and that he also understands 
the aspects of the pharmacokinetics of the agents he 
uses to treat these infections. This discussion will 
review in brief some of the antibacterial mech- 
anisms of antibacterial agents and will put in 
perspective when it may be necessary to change old 
patterns of antibiotic use to most effectively 
eradicate infection. 


Unlike the situation which exists with most phar- 
macologic agemts, there is an added factor in the 
usual host-drug interaction; namely the infecting 
microorganism, as well as the effect of the hospital 
or community environment upon both the patient 
and the microorganism (Fig. 1). This interaction of 
the environmen: upon the selection of antimicrobial 
agent can be ilustrated by the need to consider 
whether the Hemophilus influenzae in a communi- 
ty are 3-lactamase-producing bacteria, and hence 
resistant to ampicillin. 


Selection of an antimicrobial agent is based upon 
the area of the body in which the infection exists, 
the host defense capabilities of the patient, the 
degree of seriousness of the infection, and the sus- 
pected bacterial etiology (Table 1). Once these fac- 
tors have been considered, there are further con- 


Patient 
7 
/ | 
/ Environment 
F \ 


Infecting Organism «———_4 Antimicrobial Agents 


Fig. 1. Interaction of patient, infecting microorganism 
and antimicrobial agent. 


siderations about the degree of bacterial resistance 
to be expected, the absorption (whether cral or par- 
enteral) of the agent selected, the agent’s distri- 
bution to various tissues in the body in the presence 
of health and disease, and finally, any potential tox- 
ic side effects which could be anticipated and 
avoided by judicious adjustment in the dosage pro- 
gram of that particular agent. 


The current antimicrobial agents which are 
available for use in the treatment of otolaryngologi- 
cal infection span all of the classes of agents. The 
antibiotics can attack microorganisms from various 
different approaches' (Table 2). Penicillins and 
cephalosporins are -lactam antibiotics which in- 
terfere with the synthesis of bacterial cell wall. 
Bacteria possess an outer cell wall which protects 
them from lysing when they divide during growth. 
8-Lactam antibiotics bind to specific receptor sites 
important for cell wall integrity which are present 
in both Gram-positive and Gram-negative bacteria. 
The activity of 8-lactams, penicillins and cepha- 
losporins is based on their ability to reach receptor 
sites in the bacterial cell, to evade 8-lactamases that 
most bacteria possess and to bind firmly to the re- 
ceptor. 


The organisms involved in head and neck infec- 
tion (Table 3) which penicillin G inhibits are Strep- 
tococcus pneumoniae, Streptococcus pyogenes 
group A, Neisseria meningitidis, and anaerobic 
mouth flora. ie, peptostreptococci, fusobacteria 
and Bacteroides melaninogenicus. Ampicillin and 
amoxicillin also inhibit streptococci, but also inhibit 


TABLE 1. BASIS FOR THE SELECTION Of AN 
ANTIMICROBIAL AGENT 


l. Area of the body in which infection is present 
2. Host defenses 

3. Seriousness of the infection 

4. Suspected bacterial etiology 


From the Departments of Medicine and Pharmacology, College of Physicians and Surgeons, Columbia University, New York. 
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TABLE 2. MECHANISM OF ACTION OF ANTIMICROBIAL 








AGENTS 

Agents Type of Action Site of Action 
1. B-Lactam antibiotics 

penicillins Bactericidal Cell wall 

cephalosporins 
2. Vancomycin Bactericidal Cell wall 
3. Aminoglycosides 

gentamicin 

tobramycin Bactericidal Protein synthesis 

amikacin 
4. Erythromycin Bacteriostatic Protein syntnesis 
5. Clindamycin Bacteriostatic Protein synthesis 
6. Tetracyclines Bacteriostatic Protein synthesis 
7. Chloramphenicol Bacteriostatic Protein synthesis 
8. Trimethoprim- Together Folic acid syn- 

sulfamethoxazole bactericidal thesis 

9. Rifampin Bactericidal RNA synthesis 


many Hemophilus organisms, except those which 
produce $-lactamases. Carbenicillin and ticarcillin 
inhibit the mouth anaerobic flora and also inhibit 
Pseudomonas aeruginosa and Enterobacter choacae. 


Cephalosporins such as cephalothin and cefazolin 
inhibit Staphylococcus aureus, S pneumoniae and 
B-streptococci. They also inhibit most Escherichia 
coli and Klebsiella. Cefamandole inhibits these 
organisms but it also inhibits anaerobic mouth flora 
and Hemophilus and enterobacters. Cefowitin in- 
hibits staphylococci as well as B-lactamase- 
producing Enterobacteriaceae and Bacteroides. 


Cephalexin, cephradine and cefaclor all inhibit 
staphylococci, pneumococci and streptocoeci, but 
cefaclor also inhibits H influenzae at concentrations 
less than the other agents do.’ 


The other antibiotic class which interferes with 
cell wall structure is vancomycin. 


Aminoglycoside antibiotics — gentamicin, tobra- 
mycin, amikacin — interfere with protein biosyn- 
thesis. They are bactericidal agents. These agents 
are active only against Gram-negative orgamisms of 
the Enterobacteriaceae (E coli, Klebsiella, Proteus) 
and P aeruginosa. Although the aminoglycosides in- 
hibit S aureus, they should not be considered agents 
of choice to inhibit these organisms. 


Erythromycin is a bacteriostatic agent which in- 
hibits most of the organisms of the oral cavity such 
as staphylococci, streptococci, and to some extent 
Hemophilus. Clindamycin has a similar spectrum of 
activity, but it does not inhibit Hemophilus. Both of 
these agents inhibit the anaerobic, oral flora involv- 
ed in infections of the head and neck and are very 
useful in oral-facial infections. Tetracyclimes are 
also bacteriostatic agents whose in vitro spectrum of 
activity covers bacteria prominent in head and neck 
infections. Anaerobic species, Hemophilus, strep- 
tococci and pneumococci are inhibited. But many 
Gram-negatives such as E coli and Klebsiella are 
resistant, as are Pseudomonas. There are some sug- 
gestions that minocycline is more active against 


LABLE 3. MICROORGANISMS INVOLVED IN 
OTC LARYNGOLOGICAL INFECTIONS AND AGENTS 
WHICH INHIBIT THEM 


C-ganism Agents of Choice 


S pneu-~niae Penicillins, cephalosporins, erythromycin 





S pyog>es Penicillins, cephalosporins, erythromycin 

S aurer: Nafcillin, oxacillin, cloxacillin, ceph- 
alosporins 

N meragitidis Penicillin 

H infasenzae Ampicillin, amoxicillin, cefaclor, cef- 
amandole, trimethoprim-sulfamethoxa- 
zole 

E coli Cephalosporins 

Klebs ea Cephalosporins, aminoglycosides 

Pseud onas Carbenicillin, ticarcillin, tobramycin 

B frag2s Clindamycin, chloramphenicol, cefoxitin 


AnaercBic streptococci Penicillins 


Fusobacteria Penicillins 
B mescarinogenicus Penicillins, erythromycin, clindamycin, 
cephalosporins 


staph» ococci than are other tetracyclines and dox- 
ycyc.me is more active against anaerobic species. 


Th=combination agent trimethoprim-sulfameth- 
oxazae (TMP-SMX) has an in vitro spectrum which 
includes S pneumoniae, Hemophilus, staphylococci 
and most Gram-negative enteric bacteria. It does 
not Ethibit S pyogenes as well as penicillin or 
cephzelosporins, so should not be used for those in- 
fectians. TMP-SMX also does not inhibit enterococ- 
ci nx Pseudomonas. Polymyxins which interfere 
with Cram-negative cytoplasmic membranes have 
no act. vity against Gram-positive bacteria nor an- 
aero bacteria, and are really only effective 
topiea ly or in the kidney. They do not have a role 
in the systemic therapy of infection but are locally 
effective against P aeruginosa. 


A3 agent which has not been used to any extent in 
ENT fection is rifampin. It is of use against Myco- 
bacterium tuberculosis and currently is being eval- 
uatec as an ancillary agent in some staphylococcal 
infee mons. 


C-aramphenicol remains an important agent 
becew e of its activity against S pneumoniae, N 
meni witidis and Hemophilus, as well as Entero- 
bactemiaceae, and thus it is an alternative agent to 
use -Æ the penicillin-allergic patient. 


W th such a group of antibiotics, the physician 
may egically ask why new ones are continually be- 
ing ittroduced. The reason is bacterial resistance 
(Tabe 4). Bacteria can inactivate many of these 
agen : because bacteria can contain extrachromo- 
soma pieces of DNA which confer on the microor- 
gan:sns the ability to produce enzymes which pro- 
tect ‘he microorganisms.*? The most common form 
of ressstance of bacteria to -lactam antibiotics is 
the peoduction of a B-lactamase. Virtually all sta- 
phy esocci today possess 6-lactamases, making 
thera resistant to penicillin G, ampicillin and car- 
ben:cillin. Fortunately the semisynthetic parenteral 
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TABLE 4. MECHANISMS OF PLASMID-DETERMINED 
ANTIBIOTIC RESISTANCE 


Bacteria Which Can 


Mechanism Be Resistant 


G-Lactamases 


Antibiotic 


Staphylococci, Hemo- 
philus, Enterobacter- 
iaceae, Pseudomonas 


Penicillins 
Cephalosporins 


Aminoglycosides 
kanamycin Adenylation Staphylococci, enter- 
gentamicin Phosphorylation ococci, Enterobacter- 
tobramycin Acetylation iaceae, Pseudomonas 
amikacin 
Chloramphenicol Acetylation Staphylococci, Entero- 
bacteriaceae 
Tetracycline Decreased entry Staphylococci, Entero- 
of drug bacteriaceae 
Erythromycin Altered 23S Staphylococci 
methylase 
Clindamycin Altered 23S Staphylococci 
methylase 


penicillins — nafcillin, oxacillin, methicillin — and 
the oral cloxacillin and the cephalosporins — ce- 
phalothin, cefazolin, cefamandole — are resistant 
to staphylococcal 8-lactamase. Among the Gram- 
negative bacteria Hemophilus in some communities 
have acquired a plasmid from E coli which allow 
the Hemophilus to produce a B-lactamase. 


Plasmid resistance is of importance to the head 
and neck surgeon since the open, purulent area that 
may be present after radical operations is in some 
ways analogous to a burn. This type of area is one in 
which bacteria can mate with one another and ex- 
change genetic information. Thus a Pseudomonas 
can mate with an E coli or Klebsiella providing 
these latter bacteria with genes which make them 
resistant to common antibiotics. This form of plas- 
mid resistance is of particular concern since unlike a 
mutational event in which resistance to one anti- 
biotic develops, in this situation it is possible for the 
organism to become resistant simultaneously to five 
or six first-line agents. Inappropriate use of an- 
tibiotics in the hospital or community can act as a 
selection pressure to cause the emergence of multi- 
resistant bacteria. As the foregoing would indicate, 
it is useful for the surgeon to have an idea of the 
particular resistance patterns of his hospital so as to 
be able to select the most appropriate agent when 


his patient develops an infection. Table 5 is an ex- 
ample of such a sensitivity profile. 


The pharmacokinetics of antibiotics are similar to 
the properties of other drugs.* When an antibiotic is 
given orally, intramuscularly or intravenously, it 
becomes mixed in the plasma where it is bound to 
varying degree to protein and then distributed to 
various extravascular tissues in which it may be free 
or bound. The distribution of an antibiotic results 
in a rapid fall in plasma concentration from the 
peak level which occurs at the end of an intravenous 
infusion, 30-60 minutes after an intramuscular in- 
jection and one to two hours after oral ingestion.* 
Subsequent decreases in serum levels are related to 
renal and biliary excretion and to a minor extent for 
antibiotics to biotransformation. Extravascular tis- 
sue concentrations are dependent upon the concen- 
tration gradient from serum to tissue fluid, the de- 
gree of protein binding, and the diffusibility of the 
antibiotic which is determined by molecular size, 
pK and lipid solubility. 


Most antibiotics follow fairly linear kinetics after 
absorption and distribution so that it is possible to 
calculate the half-life of the drugs in the body. 
Half-life is a measure of how rapidly the drug is 
removed from the body. The half-life of many anti- 
biotics is increased when there is a change in the 
renal clearance mechanisms because so many of the 
antibiotics are removed from the body by renal ex- 
cretion or glomerular filtration. Knowledge of the 
half-life of an antibiotic is important in some infec- 
tions, particularly life-threatening infections, since 
a more frequent mode of administration may be 
necessary to achieve optimal therapeutic results. 
Similarly, a drug with a longer half-life and one 
which provides adequate serum and tissue concen- 
trations for a long period can be given less frequent- 
ly, perhaps only two or three times a day. This lat- 
ter factor can be of great importance when consid- 
ering whether the patient will show reasonable 
compliance with the program selected.‘ 


Although concentrations of antibiotics may at 
certain points in time exceed the serum levels, in 


TABLE 5. TYPICAL SUSCEPTIBILITY PATTERNS OF COMMON ORGANISMS 





% Susceptible 


Chloram- Erythro- Tetra- | Cephalo- Gentamicin: Clinda- 

Organism TMP-SMX Penicillin Ampicillin _phenicol mycin cycline sporins _Tobramycin Amikacin mycin 
S pneumoniae 90 100 100 99 98 95 100 — — 95 

S pyogenes 50 100 100 90 95 90 100 — — 95 
H influenzae 98 — 90 99 80 80 50* - — — 

S aureus 90 15 15 95 90 90 98 95 95 — 

E coli 95 — 80 90 — 70 85 95 98 — 
Klebsiella 95 — 5 80 — 70 85 90 98 — 

P mirabilis 95 — 95 85 — 0 95 95 98 — 
Pseudomonas 0 — 0 — 0 0 90 95 — 

Serratia 95 — 0 50 — 5 0 50 90 — 
Bacteroides 20 50 10 95 80 50 Ot 0 0 95 


*Susceptible to cefaclor and cefamandole. 


tSusceptible to cefoxitin (90%). 
— Not an appropriate agent. 
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TABLE 6. CONCENTRATIONS OF ANTIMICROBIAL 
AGENTS IN ENT TISSUES 


Tissue Coxzentra- 


or fluid Dose Route _tiow ug/ml 


Maxillary Penicillin V 400 mg Oral < 3.2 
sinus Penicillin G 1.2 mega U IM p2 





Doxycycline 200 mg Oral 0=-6 
Amoxicillin 500 mg Oral 0= - 1.3 
Tonsil- Ampicillin 250 mg Oral 0.©Œ - 0.09 
lar Ampicillin 500 mg Oral = - 
Benzathine pen- 1.2 mega U IM © - 0.04 
icillin G 
Penicillin V 250 mg Oral © - 0.17 
Amoxicillin 250 mg Oral oS -0.27 
Erythromycin 250 mg Oral 05 - 1.35 
estolate 
Middle Ampicillin 34 mg/kg Oral 9.5* 
ear Penicillin V 13 mg/kg Oral ns 
Penicillin V 26 mg/kg Oral 8.3° 
Procaine peni- 300,000 IM PS y 
cillin G + 
ninao peni- 100,000 
cillin G 
Erythromycin 12.5 mg/kg Oral 0.8* 
succinate 
Erythromycin 12.5 mg/kg Oral 1.2 
estolate 
Erythromycin 8 mg/kg Oral i ER ia 
estolate 
Oxytetracycline 100 mg IM 0.6* 
Penicillin V 12 mg/kg Oral 0.2* 
Amoxicillin 10 mg/kg Oral 2.2° 
Amoxicillin 1000 mg Oral 6.2 
Ampicillin 1000 mg Oral 1." 
Sulfonamide 30 mg/kg Oral 8.3 


*Mean levels. 


general tissue concentrations of antibiotics are 
lower than serum levels except in the case of certain 
highly lipid-soluble compounds. Most ant biotics 
are bound to serum proteins to varying degrees. On- 
ly a drug which is free can exert its antibacterial ac- 
tion. However, protein binding is a dynamic equi- 
librium, and it is only when a drug is 90% cr more 
protein-bound that protein binding becomes impor- 
tant.° Only the antistaphylococcal penicillins — ox- 
acillin, cloxacillin, dicloxacillin — are move than 
90% protein-bound. Cephalosporins range in pro- 
tein binding from 15% for cephalexin to §5% for 
cefazolin. Aminoglycosides are not protein-bound 
and protein binding does not affect the act-vity of 
erythromycin, clindamycin or the tetracyclires. 


Other factors which may affect the activity of an- 
tibiotics at the site of infection are the pH. anaer- 
obic or aerobic conditions, degree of purulent ma- 
terial, osmolality and concentrations of Givalent 
cations. For example, aminoglycosides are not ac- 
tive at acid pH, in anaerobic conditions, amd high 
concentrations of cellular DNA-RNA material will 
reduce their activity against organisms such as Pseu- 
domonas, E coli, etc. Some bacteria are dormant in 
purulent material, and 6-lactam antibiotics, peni- 
cillins and cephalosporins will not kill bacteria 
unless the bacteria are actively growing. These fac- 


tors e=plain to some extent why antibiotics must be 
given over a long period in deep tissue infections 
since he antibiotic must not only diffuse to the site 
of th: infection, but must attack the organisms 
when they are in a state that allows the antibiotic to 
affect the cellular process it inhibits. 


TISSU= DISTRIBUTION OF ANTIBIOTICS 


Flarey and associates’ in 1946 showed that 
penic llin could be measured in wound exudates 
eight hours after an intramuscular injection of a 
small amount of penicillin G. Weinstein and col- 
leagu2s* showed that antibiotics persisted in sterile 
fibrir clots several hours after injection. Numerous 
other workers have developed models to study the 
concentration of antibiotic in wound fluid and the 
kinetzs of its movement in and out of wounds. In 
general, older wounds have less antibiotic, and 
rapid y excreted drugs produce less drug in tissue 
cages.set up to measure antibiotics. It is interesting 
that fairly protein-bound drugs still can enter 
woud tissue to yield therapeutically effective con- 
centrations.’ Although there have been extensive 
studies of the concentrations of antibiotics in pul- 
monary, cardiac, bone and biliary areas, the studies 
of levels of antibiotics in the tissues of the head and 
neck have been fewer and often unsatisfactory. 
Leve5 of penicillins, cephalosporins, erythromycin 
and silfonamides have been measured in sinus tis- 
sue, acrimal and salivary secretions and tonsillar 
tissue°-'® (Table 6). No satisfactory correlation of 
such tissue levels with clinical cures is available, 
and the results of assay often are open to question 
since there is contamination with blood at the time 
of sanpling. Tonsillar tissue levels of penicillin, 
erythromycin, amoxicillin and ampicillin all have 
been obtained and in general exceed the usual in- 
hibicery levels of the antibiotics against group A 
strep ococci and against S pneumoniae. Concentra- 
tions of ampicillin, amoxicillin, cefaclor and TMP- 
SMX in middle ear fluid are adequate to inhibit 
both S pneumoniae and H influenzae. Concentra- 
tions of erythromycin often are not adequate to in- 
hibit a number of H influenzae strains, whereas ear 
concentrations of sulfonamide have been adequate. 
Althcugh European studies of chronic sinusitis have 
demcnstrated higher levels of ampicillin when 
giver as pivampicillin, these studies have not cor- 
related with clinical cures. Levels of penicillin V in 
sinus tissue after doses of 400 mg have been disap- 
pointing. 


TŒ aforementioned examples of tissue and secre- 
tion <nalysis of antibiotics of ENT infections prob- 
ably are of minor significance since the volume of 
infec ions seen clinically has permitted good clinical 
studiss which in the long run are more significant 
than -issue levels of the antibiotics. In some ENT in- 
fecticns, however, tissue levels may be critical. The 
prim = example would be a condition such as necro- 
tizing otitis due to P aeruginosa. Cure rates of this 
serioas infection have improved with the ability to 
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TABLE 7. TOXIC REACTIONS TO ANTIMICROBIAL 


AGENTS 
Agent Mechanism igns 
Hematologic 
Chloramphenicol Inhibit protein syn- Reversible ane- 
thesis mia, leukopenia 
Damage stem cell Aplastic anemia 
Sulfonamides G6PD deficiency Hemolytic ane- 
mia 
Carbenicillin Platelet . aii Bleeding 
inhibite 
Nervous System 
Aminoglycosides Binding hair cells or Deafness 
organ of Corti 
Binding vestibular Vertigo 
cells 
Competitive neuro- Respiratory 
muscular blockade paralysis 
Polymyxins Noncompetitive Respiratory 
neuromuscular paralysis 
blockade 
Penicillins and Cortical stimulation Myoclonic sei- 
cephalosporins zures 
Gastrointestinal 
Rifampin Liver cell damage Hepatitis 
Isoniazid 
Tetracycline 
Neomycin Villi damage Malabsorption 
Clindamycin Altered bowel Diarrhea, pseu- 
Lincomycin flora - overgrowth domembranous 
C difficile colitis 
All agents Altered bowel Diarrhea, pseu- 
flora - overgrowth domembranous 
C difficile colitis 
Renal 
Penicillins Interstitial neph- Fever, eosino- 
ritis philia, azotemia 
Cephaloridine Tubular necrosis Azotemia 
Aminoglycosides Tubular necrosis Cylinduria, 
azotemia 
Polymyxins Tubular necrosis Azotemia 
Metabolic 
Penicillins 
Carbenicillin | Nonabsorbable anion = Hypokalemia 
Ticarcillin 
Allergic 
Penicillins IgE Anaphylaxis 
IgM Rash 
Cephalosporins P Rash 
Tetracyclines P Rash 
Miscellaneous 
Cephalosporins False-positive 


glucose tests 


utilize antibiotics which act synergistically and 
with use of higher concentrations of the drugs — 
both the aminoglycosides, tobramycin or gentami- 
cin, and the anti-Pseudomonas penicillins, carbeni- 
cillin and ticarcillin. It is in infections of this type 
that the otolaryngologist should know the actual in- 
hibitory concentrations required to inhibit the in- 
fecting organism and also should know what serum 
levels actually could be achieved using the program 
selected. 


SAFETY FACTORS TO BE CONSIDERED IN USE OF 
ANTIBIOTICS 


Antimicrobial use is associated with some degree 
of untoward side effects in a small number of pa- 


tients.” It is not possible in this brief review to con- 
sider all of the possible reactions about which the 
ENT expert should be concerned. But several toxic 
reactions bear mentioning. Table 7 lists many ad- 
verse effects. The most common reaction to penicil- 
lins is an allergic reaction. These are fairly infre- 
quent considering the overall use of penicillins. 
Anaphylaxis occurs to any of the penicillins and 
seems to be due to minor determinants of break- 
down of the penicillin nucleus. Patients who have 
had anaphylaxis should not be retreated with peni- 
cillins. In contrast, allergic reactions of the rash 
type can be of two types. In one the reaction prob- 
ably is IgM mediated. Patients will repeat a rash if 
rechallenged. But there is another skin rash, namely 
that associated with ampicillin use, which is not an- 
tibody-mediated. It occurs most often if the patient 
has a viral illness and does not preclude reuse of am- 
picillin, penicillin G or other penicillins. This rash 
occurs in almost all patients who receive penicillin 
while they have infectious mononucleosis. 


Less frequent reactions to penicillins are the 
neutropenia, allergic interstitial nephritis and anti- 
biotic-associated enterocolitis. The physician 
should realize that diarrhea due to ampicillin can 
be either due to nonspecific factors or to overgrowth 
of Clostridium difficile in the colon. Stopping the 
antibiotic will stop the reaction. A side effect asso- 
ciated with high dose therapy with carbenicillin or 
ticarcillin is hypokalemia due to the large load of 
nonreabsorbable anion delivered to the distal renal 
tubule. Potassium supplementation is necesary 
when these antibiotics are used. 


Cephalosporins are associated with few major 
adverse reactions. Phlebitis at intravenous (IV) sites 
is common, but can be avoided by frequent IV 
changes and greater dilution of the antibiotic. Ex- 
cessive use of cephalosporins will result in over- 
growth of Candida and Pseudomonas in severe 
wounds and should be watched for in the debili- 
tated patient. One reaction the elderly diabetic pa- 
tient should be advised of is that the compounds 
will give false positive tests for glucose with the 
Benedict’s test. 


Minocycline, because of its good activity against 
both anaerobic mouth organisms and staphylococ- 
ci, may be used in some chronic oral infections. The 
drug can cause vertigo, in females more than in 
males. If a tetracycline has to be used in a patient 
with decreased renal function, only doxycycline 


should be used. 


The otolaryngologist is clearly aware of the ves- 
tibular hazards of therapy with aminoglycosides as 
well as the hearing loss associated with this class of 
compounds. However, knowledge of the nephrotox- 
icity of aminoglycosides may not be as well appre- 
ciated. These antibiotics produce a nonoliguric 
renal failure with loss of urinary concentrating 
ability followed by development of proteinuria, re- 
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nal casts and rise in BUN and serum creatinine. This 
change in renal function can occur after therapy 
has ended. It is essential that the physician realize 
that a normal serum creatinine value canaot be 
equated with normal renal function. A serum crea- 
tinine of 1.4 mg/dL in a 120 kg male of 22 re-lects a 
creatinine clearance of 100 ml/min. But a serum 
creatinine of 1 mg/dL in a 70-year-old, 45 kg female 
reflects a clearance of only 45 ml/min. Thus adjust- 
ments in dosage of aminoglycosides are ne*essary 
when the drugs are used in the elderly patieat. We 
currently prefer to use tobramycin when dealing 
with serious Pseudomonas infection requirirg long 
therapy. 


The pseudomembranous colitis which fcllowed 
therapy with clindamycin is well known. It is now 
realized that this is due to overgrowth of C difficile 
in the colon with production of a toxin affecting the 
colonic mucosa. Stopping the drug will usually 
solve the problem, but if the diarrhea persists, use 


of oral vancomycin at 125 mg every six hours will 
eradieate the Clostridium and indeed allow one to 
cont aue using the clindamycin if it is necessary in 
treating a serious anaerobic infection of the neck. 


SUMMARY 


Th s article has been an attempt to pull together 
some of our current understanding about mechan- 
isms of antibacterial agents, the resistance of 
bacteria to antibiotics and concepts of the phar- 
macxogy of antibiotics. As more agents become 
available it will be no less difficult to choose the 
mos? appropriate to treat an infection. Thus minor 
diffemences in antibacterial activity, differences in 
pharmacology, as well as factors of safety will play 
a mo-e important role. Better utilization of current- 
ly available agents is possible if more attention is 
giver to proper administration. Keeping the factors 
disc ssed in this paper in mind will improve cure 
rates and reduce unwanted side effects. 
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CHEMOPROPHYLAXIS FOR SURGERY OF THE HEAD AND NECK 


GARY D. BECKER, MD, FACS 


Los ANGELES, CALIFORNIA 


A prospective study of patients undergoing major head and neck cancer surgery was undertaken to 1) define the value of cefazolin pro- 
phylaxis in reducing the incidence of wound infection, 2) define the value of preoperative and intraoperative (perioperative) cultures in 
identifying the patient at high risk of wound infection and in predicting the bacteriology of subsequent wound infee-ion, and 3) 
demonstrate the most common aerobic and anaerobic flora of infected wounds. Preoperatively, the neck skin, oropharynx and anterior 
nares were swabbed fcr aerobic cultures. An intraoperative wound culture was obtained after the mucosal defect was sutured and the 
wound irrigated with water and sent for aerobic culture. All infected wounds were cultured for aerobic and anaerobic flora. Cefazolin, 1 
g, was given intramuscularly (IM) about two hours before the skin incision, and continued in 0.5 g doses IM or intravenously (IV) every six 
hours for four doses. Cefazolin prophylaxis significantly reduced the incidence of postoperative wound infection. Isolation of aerobic 
pathogens perioperatively was not correlated with a greater risk of wound infection and did not accurately predict the flora of subsequent 
wound infection. The most common pathogenic aerobes isolated from infected wounds were Staphylococcus aureus and 8-S*treptococcus 
not group A, as well as a variety of Gram-negative organisms. The most common anaerobic isolate was Bacteroides melaninogenicus. 


INTRODUCTION 


Wound infection is a common complication of 
head and neck cancer surgery, especially if the up- 
per aerodigestive tract is opened from the neck, 
thereby contaminating the operative wound with 
oropharyngeal flora. 


Identifying the patient likely to develop a wound 
infection and predicting the flora of subsequent 
wound infection would allow a rational approach 
to antibiotic prophylaxis or initiation of treatment 
at the first sign of infection, pending definitive 
culture and sensitivity. While perioperative eul- 
tures may be of predictive value in this setting, data 
from abdominal surgery’ is conflicting and from 
head and neck surgery virtually nonexistent.’ Also, 
antibiotics are often given prophylactically under 
these circumstances even though there has been lit- 
tle valid evidenee from prospective double-blind 
clinical trials supporting their use. 


Since the operative wound requires a minimum 
bacterial contamination to become infected,® we 
reasoned that culturing the likely sources of con- 
tamination, ie, the patient’s skin and oropharynx, 
may be of predictive value. The purpose of this arti- 
cle is 1) to define the prophylactic value of cefazolin 
in reducing the incidence of wound infection, 2) to 
establish the value of perioperative cultures in iden- 


TABLE 1. COMPARISON OF RATE OF FISTULA 
FORMATION BETWEEN PLACEBO AND CEFAZOLIN 


GROUPS 
Number of Patients 
Local 
Wound Fistula 
Treated Infected Infections Formations 
Placebo 25 21 4 (16%) 17 (68%) 
Cefazolin 32 10 4 (13%) 6 (19%) 


tifying the patient at high risk of wound infection 
and in predicting the bacteriology of subsequent 
wound infection, and 3) to document the flora of 
subsequent wound infection. 


METHODS 


In this prospective, randomized, double-blind study, patients 
underwent major head and neck cancer surgery in which the up- 
per aerodigestive tract was opened from the neck. The study was 
conducted at the Veterans Administration, Wadswerth Hospital 
Center, in Los Angeles. Aerobic cultures of the skin of the neck 
and oropharynx were obtained one or two days before surgery. 
Many patients also had swab cultures of the anterior mares and in- 
traoperative wound. All infected wounds were cultured for 
aerobic as well as anaerobic organisms. Patients received 1 g 
cefazolin or a placebo with the preoperative medications (approx- 
imately two hours before skin incision). This was continued in 0.5 
g doses, either IM or IV, every six hours for four doses. Details of 
the study design, cefazolin prophylaxis results, and some bac- 
teriologic data have been previously reported.”* This paper 
evaluates unreported bacteriologic data obtained in tnis study. 


RESULTS 


Table 1 summarizes the types of infections en- 
countered in 57 determinate patients. The distribu- 
tion of surgical procedures in the placebo and 
cefazolin groups was similar. The most common 
procedures were laryngectomy with radical neck 
dissection and composite resections (tonzue-jaw- 
neck). The incidence of fistula formation was 68 % 
and 19% in the placebo and cefazolin groups re- 
spectively. This represents a statistically significant 
reduction, suggesting that the use of cefazolin 


TABLE 2. INFECTION RATE AMONG THE CEFAZOLIN 
AND PLACEBO GROUPS 


Cefazolin Placebo 
Patients 32 23 
Infected 12 (38%) 20 (8&7 %) 
P value P<0.001 = 


From the Section of Head and Neck Surgery, Veterans Administration, Wadsworth Hospital Center, Los Angeles. 
REPRINTS — Gary D. Becker, MD, 1320 Pacific Street, Santa Monica, CA 90405. 
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TABLE 3. INCIDENCE OF ISOLATION OF AEROBIC PATHOGENS PESIOPERATIVELY IN PATIENTS WITH INFECTED 
AND NONINFECTED WOL NDS 





Number o; 7atients Not Infected 
With rected with with 
Perioperative ioperative Perioperative 
Treated Infected Pathogens Pathogens Not Infected Pathogens 
Cefazolin 32 10 21 6 (60%) 20 15 (75%) 
Placebo 25 21 13 11 (52%) 4 2 (50%) 
Total 55 31 34 17 (55%) 24 17 (68%) 


results in a less serious type of wound infection. Of 
55 determinate patients in the prophylaxis study, 32 
received cefazolin and 23 placebo (Table 2). The in- 
fection rate was 38% (12/32) and 87% (20/23) re- 
spectively, which is a statistically significant reduc- 
tion in infection. There were two nonwoune (sinu- 
sitis and pneumonia) infections in the cefazolin 


group. 


Table 3 compares the frequency of isolation of 
aerobic pathogens perioperatively with the subse- 
quent development of wound infection. Pathogens 
were isolated from the majority of patients whether 
they subsequently became infected or not. Table 4 
summarizes the distribution of perioperative isola- 
tion of pathogens from subsequently infected and 
noninfected patients. In this study, a pathogen was 
defined as an isolate other than Staphylococcus 
epidermidis, Candida and yeast species, Acine- 
tobacter calcoaciticus, Corynebacterium species, 
y-streptococci, a-hemolytic streptococci, Hemo- 
philus species (other than H influenzae or H 
parainfluenzae) and Neisseria species (other than N 
meningitidis). The most common isolate cultured 
preoperatively in either group of patiemts was 
a-hemolytic streptococci from the pharynx and S 
epidermidis from the skin. A variety of aerobic 
Gram-positive and Gram-negative pathogens were 
isolated from perioperative cultures in subsequently 
infected as well as noninfected patients. The in- 
fected group did not harbor more pathogens periop- 
eratively compared to noninfected patients. Thirty 
pathogens were isolated perioperatively from 17 
noninfected patients (1.8 pathogens/patient) and 28 


pathegens from 17 subsequently infected patients 
(1.7 pathogens/patient). A separate analysis of pa- 
tients with nasal carriage of S aureus was made 
(TabE 5) to determine if this group was at greater 
risk cf developing wound infection. The wound in- 
fectiœ rate between carriers and noncarriers is not 
statis mally significant. It does not appear from any 
of the= data that a patient at high risk of wound in- 
fectiar may be defined on the basis of perioperative 
aerob bacteriology. 


A o%athogen isolated preoperatively or in- 
traop=-atively was subsequently recovered from 
56% and 86% of infected wounds, respectively 
(TabE 6). In the majority of patients, however, 
either the perioperative culture or infected wound 
cultus= grew one or more additional pathogens. 
Because of this variability in bacteriology, the 
choic= of antibiotic for prophylaxis or initial 
therazy of wound infection is difficult to define. 
Table 7 summarizes the frequency of isolation of 
aerob pathogens cultured from subsequently in- 
fected wounds. The most common wound patho- 
gens = the placebo group were -Streptococcus not 
group A and S aureus. In the cefazolin group, a 
drametic decrease in the incidence of S aureus 
resulted in the emergence of -Streptococcus not 
group A as the most common pathogenic isolate. A 
wide variety of Gram-negative pathogens were 
isolat=j from both groups. As may be anticipated, 
the mwcidence of isolation of cefazolin-sensitive 
bacteca was reduced in the cefazolin group, but 
there <ppeared to be no definite emergence of resis- 
tant æ- unusual pathogens. 


TABLE 4. FREQUENCY OF PERIOPERATIVE ISOLATION OF A=ROBIC PATHOGENS FROM INFECTED AND 
NONINFECTED PATIENTS 


Placebo Group 


Cefazolin Group 


Isolates Ob- Isolat=. Ob- Isolates Ob- Isolates Ob- 
tained from In- tained fr>n Non- tained from In- tained from Non- 
ected Patients infected “atients ected Patients infected Patients 
Gram-positive: 
S aureus 4 I i 6 
B-Streptococcus (not group A) 3 -— 3 2 
6-Streptococcus (group A) _ — l — 
S pneumoniae 2 — — 3 
Gram-negative: 
K pneumoniae 3 — — 
H influenzae l — 2 
E cloacae — — l 
P maltophelia — — l 


P aeruginosa — 
P vulgaris — 
N meningitidis — 
E coli — 
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TABLE 5. COMPARISON OF POSTOPERATIVE WOUND 
INFECTION RATE WITH PREOPERATIVE NASAL 
CARRIAGE OF S AUREUS 


Placebo _ Cefazolin Combined 


Patients screened with pre- 
operative nasal cultures 14 20 34 


Nasal Staphylococcus isolated 3 (21%) 6 (33%) 9 (26%) 
Postoperative infection 3 (100%) 2 (83%) 5 (56%) 
Staphylococcus isolated 

in wound l (33%) 0 (0%) l (11%) 

Nasal Staphylococcus 

not isolated 1] 14 25 


Postoperative infection 9 (82%) 6 (43%)15 (60%) 


Staphylococcus isolated 
in wound 2 (22%) 0 (0%) 2 (13%) 


Table 8 summarizes the anaerobic flora cultured 
from infected wounds. The majority of isolates 
were Gram-negative rods, mainly Bacteroides me- 
laninogenicus and Fusobacterium nucleatum. Bac- 
teroides fragilis was never isolated. Table 9 sum- 
marizes the number of aerobic and anaerobic iso- 
lates (pathogens and nonpathogens) from infected 
wounds. Virtually every wound was infected by a 
variety of aerobes and anaerobes. The average 
number of different bacterial isolates totaled 8.1 
and 7.5 in the placebo and cefazolin groups respec- 
tively. This ranged from as few as two to as many as 
13 different isolates from a single infected wound. 
An average of 1.6 commonly recognized aerobic 
pathogens/wound were isolated from both the 
placebo and cefazolin groups. These data support 
the concept of polymicrobial wound infections in 
head and neck cancer surgery, involving both 
aerobic and anaercbic bacteria. 


DISCUSSION 


Cefazolin was chosen for prophylaxis because of 
its known effectiveness against aerobic pathogens 
most commonly isolated from infected wounds and 
anaerobic bacteria normally resident in the oro- 
pharynx. In this study, cefazolin was administered 
so that appropriate tissue levels were present at the 
time of bacterial intraoperative wound contamina- 
tion, and maintained until bacterial contamination 
was presumably ever. This study established the ef- 
fectiveness of the perioperative use of cefazolin in 
reducing the incidence of wound infection in 


TABLE 7. FREQUENCY OF ISOLATION OF AEROBIC 
PATHOGENS FROM INFECTED WOUNDS 


Isolates Obtained 


Placebo Cefazolin 
Group Group 
Gram-positive: 
S aureus 8 l 
8-Streptococcus (not group A) 10 5 
8-Streptococcus (group A) 2 l 
Gram-negative: 
K pneumoniae 4 l 
H influenzae 3 0 
H parainfluenzae 2 0 
E aerogenes ] l 
E cloacae l l 
P mirabilis ] l 
P aeruginosa ] ] 
E corrodens l 0 
Capnocytophaga sp 0 l 
E coli 0 ] 
S liquifaciens 0 ] 
S marcescens 0 ] 


general and fistula formation in specific. We feel 
that an important variable contributing to wound 
infection in the cefazolin group was continued 
bacterial seeding through an incontinent mucosal 
suture line after cefazolin levels had decreased. 
Future studies should evaluate the benefit of more 
prolonged antibiotic prophylaxis. 


The major variable contributing to postoperative 
wound infection is contamination of the operative 
wound by bacteria.’ We therefore reasoned that pa- 
tients at high risk of wound infection would likely 
be those who carried pathogenic bacteria on the 
skin of the incision site or oropharynx, and that 
these pathogens would emerge in the wound infec- 
tion. As any bacteria may become pathogenic in 
another site or in a compromised host or tissue, our 
definition of pathogen is arbitrary, but, we feel, ap- 
propriate for this study. While this study demon- 
strated that the vast majority of wound infections 
after head and neck cancer surgery involve anaero- 
bic as well as aerobic bacteria, the value of 
perioperative isolation of anaerobes was not in- 
vestigated. Other investigators have demonstrated 
that in patients undergoing transperitoneal surgery 
the isolation of mixed anaerobic and aerobic 


TABLE 6. COMPARISON OF PERIOPERATIVE ISOLATION OF PATHOGENS WITH THEIR SUBSEQUENT RECOVERY 
IN WOUND INFECTION 


Placebo Cefazolin Combined 
Pre- Intra- Pre- Intra- Pre- Intra- 
operative operative operative operative operative operative 
Cultures obtained from 
subsequently infected 
patients 21 9 10 a 31 16 
Patients with positive 
perioperative cultures 11 4 7 3 18 í 
Isolation of same 
pathogen in wound 5 (45%) 4 (100%) 5 (71%) 2 (66%) 10 (56%) 6 (86% ) 
Identical isolation of 
pathogens from periop- 
erative and infected 
wound cultures 0 ( 0%) 1 ( 25%) 2 (29%) 1 (14%) 2 (11%) 2 (29%) 
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TABLE 8. FREQUENCY OF ISOLATION OF ANAEROBIC 
BACTERIA FROM INFECTED WOUNDS 


Isolates Obtained 
Placebo Cefæolin 


Group Greup 


Gram-positive cocci 





Pc asaccharolyticus l s 

Pc magnus l = 

Pc prevotii 6 

Pc variabilis l € 

Ps anaerobius 3 

Ps micros 4 = 
Gram-positive rods 

Actinomyces sp l € 

A viscosus l © 

Bifidobacterium sp ] € 

Eubacterium sp 3 . 

L catenaforme l © 

L delbraeckii l € 

L minutus 1 

Lactobacillus sp 4 

P acnes ] 

Propionibacterium sp 2 © 
Gram-negative rods 

B amylophilus l © 

B capillosus l © 

B disiens 2 © 

B melaninogenicus sp 4 s 

B melaninogenicus 

(ss intermedius) 8 3 
B melaninogenicus 
(ss melaninogenicus) 9 6 

B oralis 7 3 

B ruminicola (ss brevis) 5 3 

Bacteroides sp 6 s 

F aquatili ] © 

F necrophorum l © 

F nucleatum 8 4 
Gram-negative cocci 

V alcalescens 3 

A fermantans l ; 

V parvula 5 5 


bacteria from the operative wound is associated 
with a much higher incidence of subsequent ound 
infection than if aerobes or anaerobes are isolated 
alone.’ In this study, a variety of Gram-positixe and 
Gram-negative aerobic pathogenic bacteria were 
isolated perioperatively from both subsequently in- 
fected and noninfected patients with no definite 
trend toward more frequent isolation in the inæcted 
group. In addition, a separate analysis of patients 
with nasal carriage of S aureus did not reveal a 
higher incidence of wound infection. For these rea- 
sons, we do not feel that a bacteriologic defiaition 
of a patient at high risk of wound infection can be 
made on the basis of preoperative aerobic cultures. 


In more than one half the patients, a pathogen 
isolated perioperatively subsequently emerged in 
the wound infection. However, in most patients, 
additional pathogens were isolated from either the 
perioperative swab or infected wound culture, 
limiting its value as a guide to antibiotie pro- 
phylaxis or initial therapy of wound infestion. 


TAS -E 9. AEROBIC AND ANAEROBIC BACTERIA 
ISOLATED FROM INFECTED WOUNDS 


Average Number and Range 


Aerobic Anaerobic Combined 

Isolates Isolates Isolates 
Placebo 3.7 (1-6) 4.4 (0-8) 8.1 (5-13) 
Cefazal—- 3.1 (1-5) 4.4 (1-9) 7.5 (2-13) 


Wound infection following major head and neck 
cancer surgery is polymicrobial, evidenced by the 
variety of Gram-positive and Gram-negative anaer- 
obic ard aerobic bacteria isolated from subsequent- 
ly infeed wounds. While the most common aero- 
bic Gram-positive pathogens isolated from infected 
woun== were -Streptococcus not group A and S 
aureus the variety of Gram-negative aerobic 
pathogens recovered discourage the use of a single 
antibictic for prophylaxis or initial therapy of infec- 
tion. 


Mor= anaerobes were isolated from infected 
woun= than aerobes. Numerically, the most im- 
portam anaerobes were Gram-negative rods, con- 
sisting mainly of B melaninogenicus and F 
nuclea-am. B fragilis, an anaerobe universally resis- 
tant to -he penicillins and cephalosporins, was not 
isolated in this study. Cefazolin prophylaxis did not 
lead -æ a definite reduction in total number of 
aerobe or anaerobic isolates in general, or in 
aerob.e pathogenic isolates in specific. The reason 
for this _ack of suppression of susceptible organisms 
in the presence of a definite reduction in wound in- 
fection s speculative. Inhibition of phagocytosis of 
some f=thogenic aerobic bacteria by B melanino- 
genica. and other obligate anaerobes in vitro has 
been 4=nonstrated by others,'° and represents one 
possibl= mechanism of polymicrobial bacterial in- 
teractien in the causation of wound infection. 
Metrorclazole, an agent with broad spectrum 
anaero—ic bactericidal effects, has been used unsuc- 
cessful on patients in this study for treatment of 
establi:zked infections. A more logical approach 
woulc >e to use metronidazole prophylactically, 
perha= in combination with an antibiotic effective 
against the most common aerobic pathogens en- 
counte-=d in wound infections. 


CONCLUSIONS 


On t = basis of clinical and bacteriologic data ob- 
tainec a this study, we conclude that in the setting 
of heac and neck cancer surgery in which the upper 
aerodigestive tract is opened from the neck, 1) the 
periope=ative use of cefazolin results in a significant 
reducti in wound infection and fistula formation, 
2) a ba~eriologic definition of a patient at high risk 
of word infection cannot be made on the basis of 
preopeative aerobic bacteriology, 3) the flora of a 
wound mfection cannot be accurately predicted on 
the bess of preoperative or intraoperative aerobic 
cultures and 4) wound infections are polymicro- 
bial, -m-olving both aerobic and anaerobic bac- 
teria. 
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ANAEROBIC INFECTIONS IN CTOLARYNGOLOGY 


SYCEEY M. FINEGOLD. MD 


-DS ANGELES, CALIFORNIA 


The role of anaerobes in head and neck infections = discussed. Data from =veral key studies are presented. It is emphasized that the 
source of anaerobic organisms in otolaryngological in‘etions is the indigenous dora of the upper respiratory tract. 


By way of background information, I we ald like 
to show you the incidence of anaerobes present as 
normal flora (Table 1). Notice that in the mouth 
and upper respiratory tract there are large mumbers 
of anaerobic cocci and anaerobic Gram-gative 
bacilli, but relatively few other anaerobi types. 
Thus these two groups of organisms can = com- 
monly expected in infections in the head amd neck 
area. 


Some of the major infections in this area :nvolve 
anaerobic organisms: chronic otitis media and mas- 
toiditis and certain complications of these. such as 
epidural abscess and brain abscess; chron e sinus- 
itis; Vincent’s angina, which is a membranous ton- 
sillitis caused by Fusobacterium necropherum, a 
Gram-negative anaerobic rod (this is a ver™ serious 
infection complicated frequently by bacteremia and 
metastatic sepsis); peritonsillar abscess; L adwig’s 
angina, a very serious infection involving ñe sub- 
mandibular and sublingual spaces in the neck; 
other neck space infections; infections of the head 
and face; and finally, actinomycosis. 


In a study of acute otitis media performed by 
Brook et al,? anaerobes played a relatively minor 
role (Table 2). In this group of 62 patier5 there 
were 35 who had infections with aerobic bacteria 
only; there were nine cases in which anaero =s were 
isolated and eight in which both aero=s and 


TABLE 1. INCIDENCE OF VARIOUS ANAEROS3S AS 
NORMAL FLORA IN THE HUMAN 


G-am-Posi- 
Anaerobic tæ Non- 
Gram- Sperulating 
Anaerobic Negative Ar-aerobic 
Cocci Bacilli Clostridia  Sacilli 
Skin +* —— —— + to + + 
Upper respira- 
tory tractT +++ + + —— + 
Mouth ++++ +444 Rare +to++ 
Intestine Pett $644 $244 Hee 
Genitouri- 
nary tract§ +++ + + + + to ++ 


*The ranking, + to + + + +, reflects both consistency 9: »ccurrence 
and density of numbers. 


TIncludes nasal passages, nasopharynx, oropharynx and tomails. 
§ Includes vagina, external genitalia and urethra. 
Adapted from Finegold.' Reprinted with permission. 


anaerobes were isolated. But most of the anaerobes 
that were isolated were really not significant in 
these datients. The majority of anaerobes were Pro- 
pionitacterium, the so-called anaerobic diphther- 
oid, which is essentially nonpathogenic and certain- 
ly nompathogenic in this particular setting. There 
were a few infections where anaerobic cocci were 
involwed. However, for the most part acute otitis 
meciz is primarily an aerobic infection. 


Chronic otitis media, on the other hand, does in- 
volve anaerobic bacteria quite frequently.’ In a 
groug of 50 patients with chronic otitis media there 
were 48 isolates of anaerobic bacteria (Table 3). 
Anaembic cocci and streptococci predominated, 
but there was also quite a large number of anaer- 
obic Gram-negative bacilli. 


TABLE 2. BACTERIOLOGY OF ACUTE OTITIS MEDIA 
= 62 


— joe 


Patients with aerobes only 35 
Patients with anaerobes only 9 
tococcus 4 
Propionibacterium 6 
Patients with aerobes and anaerobes 8 
tococcus + aerobes 3 
Propionibacterium + aerobes 5 
Negative cultures 10 


To zeep this in perspective, we see in Table 4 that 
the aerobic flora in these patients still predomi- 
nated ie, a total of 68 isolates compared to 48 
anaerobic isolates; and we see Pseudomonas as the 
predeninant organism numerically. 


The data from Frederick and Braude* on chronic 


TABLE 3. ANAEROBIC BACTERIAL ISOLATES IN 50 
PATIENTS WITH CHRONIC OTITIS MEDIA 


Gram-positive cocci 
Bifidobacterium sp 
Propionibacterium acnes 
Clostridium sp 
Fusobacterium nucleatum 
Bacteroides melaninogenicus 
B fragilis 
B distasonis 
B corrodens 
Bacteroides sp 

Total 
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From the Veterans Administration, Wadsworth Hospit<) Center, and the UCLA S hool of Medicine, Los Angeles. 
REPRINTS — Sydney M. Finegold, MD, Infectious Disease Section (691/111F), V.a. Wadsworth Medical Center, Wilshire and Sawtelle Blvds., Los 


Angeles, CA 90073. 
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TABLE 4. AEROBIC BACTERIAL ISOLATES IN 50 
PATIENTS WITH CHRONIC OTITIS MEDIA 


S pneumoniae 2 

a-Hemolytic streptococci 2 
Group A, $-hemolytic 

Streptococcus l 

S aureus 6 

Proteus sp 7 

P aeruginosa 36 

2 

2 

3 





K pneumoniae 
E coli 
Miscellaneous 
Total 68 


sinusitis (Table 5) probably is the best available im- 
plicating anaerobes in this situation. Of a total of 83 
specimens, one fourth were sterile, about one third 
yielded only anaerobes, and there were comparable 
numbers that were mixed infections with anaerobes 
plus aerobes or that involved aerobes only (about 
20% in each of these latter two groups). On the 
other hand, if we concentrate on 28 of these 
specimens in which heavy growth was obtained, 
and clearly these must have been the most reliable 
specimens, it is interesting to note that 82% of these 
yielded only anaerobic bacteria and an additional 
7% yielded anaerobes along with aerobes. So this 
data suggests that chronic sinusitis is primarily an 
anaerobic process. 


TABLE 5. BACTERIOLOGY OF CHRONIC SINUSITIS 


No. Specimens with 
No. Specimens Heavy Growth 


Total 83 28 
Anaerobes only 26 (31%) 23 (82%) 
Aerobes only 19 (23%) 3 (11%) 
Anaerobes + aerobes 17 (20%) 2 ( 7%) 
Sterile 21 (25%) — 


Adapted from Frederick and Braude*. Reprinted with permission. 


Let us consider some examples of these types of 
infections. First is a young girl with a retro- 
pharyngeal abscess as a complication of membran- 
ous tonsillitis (Vincent’s angina) which started out 


TABLE 7. BACTERIOLOGY OF FIFTEEN SPACE 
INFECTIONS* 


Anaerobes 
Peptostreptococci 8 
Ps intermedius 4 
Ps micros 
Ps parvulus 
Ps productus 
Peptococci 6 





Aerobes 
Streptococci 18 
a-Hemolytic 10 
8-Hemolytic 
(nongroup 
A or D) 3 
Enterococci 4 
Group D Pc prevotit 
(nonenter- Pc morbil- 
ococci) l lorum 
S epidermidis Unidentified 
S aureus Gram-positive 
E coli cocci 2 
P aeruginosa Bacteroidaceae 12 
E corrodens B melanino- 
Neisseria s genicus 9 
Lactobacillus B oralis ] 
B fragilis 1 
B pneumo- 
sintes ] 
Fusobacteria 5 
F nucleatum 4 
F necro- 
phorum l 
Unidentified 
Gram-neg 
tive bacilli 3 
Actinomyces 3 
A naeslundii 2 
Actinomyees 
sp l 
Eubacteria 6 
E lentum 3 
E limosum l 
E alactolyt:- 
cum l 
Eubacterium 
S ] 
Lactobacillus 4 
Propionibac- 
terium acnes 2 
Veillonella 2 
*Includes space infections along the mandible (12 cases) and three 
anterior visceral space infections (thyroid abscess, paratracheal abscess, 
and laryngeal crepitant cellulitis). 
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on a Friday afternoon with a sore throat and tem- 
perature of 102 C. She was brought into the hospi- 
tal on a Monday morning, acutely ill with a temper- 
ature of 105 C, and was found to have sepsis with F 
necrophorum. She developed a fistula between the 
retropharyngeal space and the subarachnoid space 


TABLE 6. SPACE INFECTIONS OF THE LOWER HEAD AND NECK 


eee eo 
Location Space Common Portal of Entry Anticipated Bacteriology 
Mandible Mental Dental — low anterior teeth Oral anaerobes 


Buccal Dental — upper second and third molars 
Dental — lower first and second molars 
Dental — lower bicuspids 

Dental — third molars 

Dental — bicuspids, first and second molars 
Stensen’s duct 


Dental — anterior, upper teeth and bicuspids 


Submandibular 
Sublingual 
Masticator 
Mandibular 
Parotid 


Upper jaw Canine 
Posterior 
pharynx 


Peritonsillar Pharynx 


Retropharyngeal Pharynx 


Pharyngomaxillary 


Neck Superficial Skin 
Anterior visceral space 
Carotid sheath 


Pharynx, mastoiditis, lower molars, extension 
from other space infections 


Pharynx, trauma to esophagus or larynx 
Extension from infections of deep cervical fascia, 


Oral anaerobes 
Oral anaerobes 
Oral anaerobes 
Oral anaerobes 
Oral anaerobes 
S aureus 


Oral anaerobes 


S A eiii anc oral anaer- 
obes 
S pyogenes and oral anaer- 


o 
S pyogenes and oral anaer- 
a 


S aureus 
Oral anaerobes 
Oral anaerobes and S pyo- 


especially posterior pharyngomaxillary space genes 


From Bartlett and Gorbach.’ Reprinted with permission. 


ANAEROBIC INFECTPDNS 15 


GRAM-POSITIVE COCCI 
Peptococcus asaccharolyticus 
P magnus 
P prevotii 
P variabilis 
Peptostreptococcus anaerobius 
P micros 


GRAM-POSITIVE RODS 
Actinomyces sp 
A viscosus 
Bifidobacterium sp 
Eubacterium sp 
Lactobacillus catenaforme 
L delbrueckii 
L minutus 
Lactobacillus sp 
Propionibacterium acnes 
Propionibacterium sp 





GRAM-NEGATIVE RODS 
Bacteroides amylophilus 
B capillosus 
B disiens 
B melaninogenicus sp 
B melaninogenicus (ss intermedius) 
B melaninogenicus (ss melaninogenicus) 
B oralis 
B ruminicola (ss brevis) 
Bacteroides sp 
Fusobacterium aquatili 
F necrophorum 
F nucleatum 


GRAM-NEGATIVE COCCI 
Veillonella alcalescens 
Acidaminococcus fermentans 
V parvula 





10 n 12 13 14 15 16 17 18 19 20 21 
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Fig. 1. Anaerobic flora cultured from infected wounds. Closed cirdes indicate wounds; ss - subspecies. From Becker et 


al.° Reprinted with permission. 


and then Fusobacterium meningitis. Sbe also 
developed purulent arthritis of the sternoclavicular 
joint and both hip joints, and many other types of 
metastatic disease. 


Data from a study by Bartlett and Gorbaen’ (Ta- 
ble 6) point out that the anticipated bactericlogy in 
these various space infections primarily imvolves 
anaerobes of the normal oral flora. The one excep- 
tion is Staphylococcus aureus in parotid infection. 
But even here, on occasion, anaerobic bacteria may 
also be involved. We can also see in Table 6 that 
group A 6-hemolytic streptococci may be irvolved 
in infections related to the pharynx. In addition, 
one sees oral anaerobes and in other cases or ly oral 
anaerobes. The major exception here would be in- 
fections related to the skin; in superficial infections 
S aureus would be the primary pathogen. 


Table 7 presents bacteriologic data from a study 
of 15 neck space infections, again by Bartlett and 
Gorbach; this shows a clear predominance of 
anaerobic bacteria. The aerobic organisms that 
were recovered were chiefly streptococci, especially 
of the a-hemolytic variety. The list of anaerobes is 
much more impressive. We see many anaerobic coc- 
ci and many Gram-negative anaerobic bacilli, as 
well as occasional anaerobes of other types. 


Figure 1 shows some of the data from a study 
done at Wadsworth VA Hospital on infection 
following radical head and neck surgery for cancer. 
Note -he large number of Gram-negative anaerobic 
rods recovered. Bacteroides fragilis was not 
recov=red at all in this study and, indeed, is seldom 
encountered in head and neck infections. The im- 
portance of this is the fact that the B fragilis group is 
muck more resistant to antimicrobial agents than 
other anaerobic organisms, including those that we 
are particularly concerned with here. This is par- 
ticularly true of cell-well active agents such as 
penic llins and cephalosporins. Figure 1 also con- 
tains Jata from this study showing the involvement 
of anaerobic cocci and some Gram-positive 
anaerobic rods. 


A second example is a submandibular space infec- 
tion end cellulitis of the jaw in which the underly- 


TABLE 8. MISCELLANEOUS HEAD AND NECK 
INFECTIONS INVOLVING ANAEROBES 


Salivary gland infection 

Para-, retropharyngeal infection 
Paratracheal abscess 

Laryngeal infection 
Suppurative thyroiditis 

Nasal infections 
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ing process is V_neent’s gingivitis, itself an impor- 
tant anaerobic process. A third example is cervico- 
facial actinomycosis in which woody swelling of the 
jaw and chronic draining sinuses occur. 


Table 8 lists a number of miscellaneous head and 
neck infections in which anaerobes may be in- 
volved. In recenz years most paratracheal abscesses 
have been complications of transtracheal aspira- 


tion; these abscesses are usually relatively minor in- 
fections that respond well to simple drainage, with 
or without antimicrobial therapy. 


In summary, I would emphasize that anaerobes 
are clearly important in a wide variety of head and 
neck infections. The source of these organisms is the 
indigenous flora of the upper respiratory tract. 
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POSTOPERATIVE WOUNL INFECTIONS 


FRED S. HERZON, M_ 
ALBUQUERQUE, NEW MEXIe = 


Postoperative wound infection represents a serious complication of any sur>=al procedure. Prevention is the cornerstone when ap- 
proaching this problem. Host factors, prophylactic antibiotics and meticulous sgical technique are key elements in achieving normal 
wound healing. These are discussed, as is wound infectiomin various types of sasery of the head and neck. 


A postoperative wound infection is one cf the 
most important of the various major postopez-ative 
complications. No matter what the surgical croce- 
dure, severe infection in the postoperative ceriod 
almost always gives a poor result. Not only well the 
probable result of the procedure be significantly af- 
fected but the morbidity and sometimes the mortal- 
ity may be markedly increased. 


Prevention is the real basis of management of 
postoperative infection. Three factors must be con- 
sidered in prevention: 1) prophylactic antib otics, 
2) host conditions, and 3) basic surgical principles. 
As prophylactic antibiotics are considered else- 
where in this symposium, I will only look at the last 
two conditions. 


Both the general condition and local surgical site 
of the patient influence the possibility of postepera- 
tive infection. Local radiation and its effect on 
wound healing need not be recounted here. Nutri- 
tion in a debilitated patient must not be imored 
prior to surgery. Every effort must be meade to 
achieve an anabolic state. 


Meticulous surgical technique is still perhaps the 
most important factor affecting postoperative infec- 
tion. In 1936 Reed’ said, “It is questionable if 
bacteria assume a role of greater importamce in 
wound healing than do necrosis, debris and devital- 
ized tissue or granulation tissue or fibrin or other 
factors which must be taken into consideration.” 
Two more recent scientific studies?’ would seem to 
prove that statement. In both, two types of peri- 
mental wounds were compared; one in which me- 
ticulous atraumatic technique was used in opening 
and closure and the other where traumatic and 
rough tissue handling was the norm. Bacteri= were 
added to the wound utilizing the first technique. It 
was the second wound which had the overwhelm- 
ing number of infections. 


Many if not most of the surgical proceduresin the 
head and neck involve interruption of nonsterile 
mucosal surfaces, and additionally may be specific 
therapeutic modalities for chronic infectious dis- 
eases such as sinusitis or tympanomastoiditis. This 


places an added emphasis on following meticulous 
atrauretic surgical technique. 


OTOLOCIC SURGERY 


Wovad infection in clean, otologic surgery, ie, 
staped==tomy, seventh nerve decompression, etc, is 
not a r=ajor problem (the reported incidence is less 
than £%).** Although one report® gives a 10% 
figure r tympanomastoid procedures, continued 
postop=ative drainage is not necessarily a postoper- 
ative iacection. 

The nost commonly performed otologic proce- 
dure today is the myringotomy with ventilation 
tube isertion. In the literature and in our ex- 
perien«= at the University of New Mexico, it also has 
the greztest incidence of immediate and later post- 
operat ~e infection. 


Of tæ 140 patients reviewed at the University of 
New Mexico, 7.8% had otorrhea within seven to 
ten devs after surgery and 21% had drainage 
somet#me during intubation. Others’*’ have 
reported 15, 25, and 68% incidence of ventilation 
tube ceainage. Our experience indicates a single 
course cf antibiotics will clear the infection with on- 
ly a small percentage extruding the tubes. 


HEAD ¥ND NECK TRAUMA 


Hos and environmental factors play an impor- 
tant rcE here as the type and condition of the injury 
will cft2n influence whether a wound infection will 
occur. The reported wound infection rate is 8 to 
10% .© °? Meticulous wound care when patients are 
injured is the surest way of controlling postopera- 
tive wound infections in this area. 


RHINOLOGIC AND SINUS SURGERY 


It iseifficult to find statistics on the postoperative 
infecttm rate in functional rhinologic and sinus 
operations. As most sinus procedures are essentially 
incisiœr and drainage, the incidence of “postopera- 
tive ir ections” cannot be very accurately deter- 
mined In functional operations on the nose, sub- 
mucot: resection of the nasal septum and the like, 
the ine-dence of infection is extremely small, prob- 
ably urder 1%. 
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TABLE 1. HEAD AND NECK SOFT TISSUE 


INFECTIONS 
Type of Case No. Infections 
Open,* no radiation 16 ] 
Open, radiation (5-7000R) 25 3 
Closed,{ radiation (5-7000R) 10 l 
Closed, no radiation 23 0 


*Open - Mucosal surface cut. 
tClosed - No mucosal surface cut. 


FACIAL PLASTIC SURGERY 


Perhaps in no other area is the problem of post- 
operative infection more greatly feared than in 
rhinoplasty, blepharoplasty, rhytidectomy, or other 
elective cosmetic procedures in the head and neck. 
The incidence however, when reported, is extreme- 
ly small, under 1% .*! So with sound basic surgical 
techniques, it is unlikely that a major problem 
should occur. 


HEAD AND NECK SURGERY 


The incidence of postoperative infection in a ma- 
jor, clean head and neck surgery (thyroidectomy, 
simple radical neck dissection, cyst removal, etc) is 
extremely small, less than 1 or 2%. With basic con- 


cepts being applied, major problems should be 
avoided. 


However, in major head and neck cancer surgery 
wound breakdown from infection and/or fistula is 
common. Incidence varies from 5 to 80 %61?-14 and 
our experience at the University of New Mexico with 
74 consecutive cases showed a wound irfection/fis- 
tula rate of under 7% (Table 1). Whether it is infec- 
tion or fistula which occurs first is frequently dif- 
ficult to determine. 


Much has been written about the cause and pre- 
vention of these problems. However, an area which 
has not been looked at is the large variation re- 
ported in incidence. This should probably be ex- 
amined further. 


Though not a problem in all areas of the head 
and neck, postoperative wound infection remains a 
disturbing factor in major head and neck cancer 
surgery and on occasion, in otologic surgery and 
maxillofacial trauma. Prevention through basic 
surgical practices and indicated prophylactic 
chemotherapy should be encouraged. When a sur- 
gical infection does occur cultures and appropriate 
local and systemic therapeutic regimens are in- 
dicated. 
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INVASIVE HEMOPHILUS INFECTIONS: EPIGLOTTITIS AND 
CELLULITE 


JAMES D. CHERRY, XD 


Los ANGELES, CALIFORMPA 


Epiglottitis, along with other infectious croup syndromes (laryngotracheiti: ¿nd spasmodic croup), are illnesses which cause acute up- 
per airway obstruction. They are discussed in terms of etiology, symptoms, diagmosis and treatment. Cellulitis and the role of Hemophilus 


influenzae and antibiotic therapy are also described. 


INTRODUCTION 


For this symposium, I’ve been asked to start with 
an infectious agent, Hemophilus influenzae, and 
work backwards to the illnesses. In clinica! infec- 
tious diseases, we usually begin with the anatomical 
site of infection, eg, otitis media or sinusitis, then 
work up a differential diagnosis and therapy, fre- 
quently based on several organisms at first, then 
narrowing it down to one or two. Since many mis- 
takes are made in therapy by employing the organ- 
ism-first approach, I would like to consider the 
topics from the perspective of illness rather than 
etiology. 


CROUP SYNDROMES INCLUDING EPIGLOTTITIS 


Epiglottitis is only one of several clinical entities 
reacting with acute upper airway obstruction. In 
the classification of the illnesses that cause upper 
airway obstruction (Table 1), there are three cate- 
gories, only one of which is an infectious diseases 
group. Serious mistakes can be made if allergic dis- 
ease or mechanical problems are overlooked. In the 
infectious group, acute membranous laryngotra- 
cheitis due to Corynebacterium diphtheriae is 
always a possibility which must be considered. 


ACUTE EPIGLOTTITIS 


Acute epiglottitis is usually due to H influenzae, 
type B. The age range is from two to seven years, 
which is slightly older than the age range of viral 
croup. There is rapid onset and progression, so that 


TABLE 1. CLASSIFICATION OF CROUP 


Infectious 
Acute epiglottitis 
Acute laryngotracheitis 
Acute membranous laryngotracheitis 
Spasmodic croup 
Mechanical 
Foreign body 
Secondary to surgical procedure 
Extrinsic tumor 


Allergic (angioneurotic edema) 


a person can be virtually well and nine hours later 
be ir dire distress. Illness initially is sore throat 
followed by difficulty in swallowing, drooling, 
retcag and difficulty in breathing. There is no 
hoarseness but muffled or thick-sounding speech. A 
croup” barking cough should be absent and virtual- 
ly always there is high fever. It occurs more com- 
monk. in boys. In almost 800 cases, over half were 
in twe- to four-year-olds. In contrast, 57% of the 
cases of laryngotracheitis occurred in children 
unde the age of two years. 


Alough acute epiglottitis is predominantly an 
illness of children, there are many case reports of 
adult with similar acute fulminating disease. 
Ages other than H influenzae are rarely associated 
etiolczically and some authors have pointed out 
that aese organisms may be contaminants and not 
causefive. The agents which are listed in Table 2 
were all isolated from the blood of patients who 
were dl. The pneumococcus and other Hemophilus 
sp ar noted in both children and adults, and one 
child had a Staphylococcus aureus bacteremia 
assoc_ated with epiglottitis. 


The pathology of epiglottitis is familiar to otolar- 
yngo «gists. The classic finding is a cherry-red epi- 
glott& which is swollen and boggy. But the point to 
emptasize is that there is also involvement of the 
aryepwlottic folds and perhaps also the false cords. 


Tatle 3 summarizes several papers." In all 
cases fever and respiratory distress were present; 
but scre throat was only noted in 60%, perhaps 
became of the young age of some patients; dys- 
phaza and stridor were found in only about 50%; 


TELE 2. AGENTS OTHER THAN H INFLUENZAE 
ASSOCIATED WITH EPIGLOTTITIS 


Children 
S pneumoniae 
S aureus 
H paraprophilus 
Adults 
H parainfluenzae 
S pneumoniae 
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TABLE 3. SYMPTOMS AND SIGNS OF ACUTE 


eee EPIGLOITITIS m 

Symptoms 
Fever 100 % 
Respiratory distress 100 % 
Sore taroat 60 % 
Dysphagia 60 % 
Strido- 50% 
Irritability/restlessness 50% 
Droolmg 40 % 
Cougl (often barking) 35 % 
Hoarseness/aphonia 25 % 

Signs 
Cyanesis 25 % 
Retraetions 20 % 


irritability, restlessness and drooling in even less. 
What I want to emphasize, however, is that in 
about 33% of the cases a barking cough was noted, 
leading to some difficulty in diagnosis. Maybe all 
these cases were not epiglottitis, or perhaps in some 
cases in additior to involvement of the epiglottis, 
there was some subglottic involvement as well. 


In the literature, there is a great deal of discus- 
sion regarding d agnosis, much of which is confus- 
ing. But the clinical picture of most children with 
epiglottitis should be diagnostic from 20 feet away. 
In epiglottitis yoa will not find a child lying down. 
He or she will sit up, frequently in tripod fashion 
with the arms ard head back, the mouth open and 
the jaw protruding. If the child is anxious and hav- 
ing difficulty getting air, this behavior is about all 
you need for the diagnosis; you proceed immediate- 
ly to therapy. 


The question is often asked, in the child who is 
not in particularly severe distress, is it safe to look at 
the epiglottis? I think the answer is yes, provided 
that the child is aot forced to lie down. Some time 
ago, I reviewed cases that did get in trouble and had 
cardiorespiratory arrest. In every instance, the 
children were forzed to lie down. 


Another aspect of diagnosis is the use of the 
lateral neck x-ray. Most of the time this is a useless 
test. If you can make the diagnosis from 20 feet 
away, go on to therapy. I am personally aware of 
several patients who died in the x-ray department, 
never having received therapy. Although there are 
some situations where an x-ray helps, in the majori- 
ty of clear-cut cases of epiglottitis, x-ray need not 
and probably sheuld not be obtained. 


The studies wkich should be done are blood cul- 
ture and culture of the epiglottis at the time of the 
therapeutic surgical procedure. A white count can 
be helpful; the majority demonstrate a shift to the 
left with counts ever 15,000/mm’. 


The primary aspect of treatment is not the use of 
antibiotics, but the establishment of an airway. In 
the past most of us felt that tracheostomy was the 
procedure of chcice. Hospital services that have a 


planned team approach to management of children 
with epiglottitis have consistently better results 
than services in which the approach to epiglottitis 
has not been organized in advance. 


Recently published studies have recommended 
the more frequent use of endotracheal intubation as 
satisfactory therapy for epiglottitis.* Cantrell and 
Bell recently reviewed approximately 800 cases.° In 
that group, those who got tracheostomy had about 
a 0.9% mortality rate, and those who had endotra- 
cheal intubation had a similar mortality rate. The 
important point to emphasize, though, is that in 
those who had no intubation or tracheostomy, the 
mortality rate was 6%. Therefore, I do not believe 
there is any place for conservative therapy in this 
illness. 


Initial antibiotic therapy for epiglottitis must 
take into consideration the fact that a significant 
number of strains of H influenzae are resistant to 
ampicillin and an occasional strain has been found 
to be resistant to chloramphenicol. All patients 
should receive both ampicillin (300 mg/kg/day q4h) 
and chloramphenicol (100 mg/kg/day q6h) by the 
intravenous route. 


LARYNGOTRACHEITIS AND SPASMODIC CROUP 


Laryngotracheitis and spasmodic croup are 
distinctive viral illnesses that differ considerably 
from epiglottitis. 


Laryngotracheitis. Three viruses are most impor- 
tant in this illness. The most common cause of 
laryngotracheitis is parainfluenza 1 virus and the 
second most common cause is parainfluenza type 2. 
Influenza A is important because it causes par- 
ticularly severe croup. The age prevalence ranges 
from six months to three years and is generally 
younger than that for epiglottitis. Generally the 
causative viruses are prevalent in the winter and 
spring. The onset of illness is gradual and builds up, 
usually over a two-day period, initially with upper 
respiratory infection (URI) and then progressing to 
gradual inspiratory stridor, hoarseness and the 
typical croupy, barking, seal-like cough and mild to 
moderate fever. The duration of illness is three to 
seven days. 


The child with laryngotracheitis will not be dis- 
turbed by lying down, which is quite different from 
the patient with epiglottitis. This is important 
because a child with acute laryngotracheitis can 
have retractions to the extent that the xiphoid looks 
like it is hitting the vertebral column, and yet not be 
in particularly great distress. 


Spasmodic Croup. Spasmodic croup is an illness 
that occurs in children who are otherwise well and 
frequently have had a mild URI, with normal tem- 
perature. The onset is always at night. It comes on 
suddenly, with hoarseness, stridor, and barking 
cough. If untreated, there will be repeated episodes 
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the same night and perhaps the next night. There is 
a strong family history either in siblings or in the 
parents. The illness is apparently due to laryngeal 
spasm. When the subglottic area is looked at there is 
no evidence of exudate or any damage to the epithe- 
lium. This is in contrast to acute laryngotracheitis, 
where there is severe destruction of the ciliated 
epithelium, inflammatory exudate and edema. There 
is a marked difference in pathogenesis and pa- 
thology in this illness compared to laryngotrache- 
itis. The major component of therapy consists of 
taking the child from the bedroom into the bath- 
room and turning on the shower. This usually does 
the trick. Mild sedation will prevent further at- 
tacks. 


Therapy of Laryngotracheitis. In therapy for 
acute laryngotracheitis, the mainstay is meist air. 
Moist air will clearly reach the subglottic level and 
will liquify secretions and help remove desqua- 
mated ciliated epithelial cells. If you do blood gas 
studies, most patients with acute laryngotracheitis 
will be found to be mildly hypoxic even if they do 
not appear so, so that oxygen is reasonable to give, 
along with the moist air. Fluids for hydration are 
important, as they also will help liquify secretions. 
A single dose of paraldehyde or phenobarbital in 
certain children when they first come in may help 
allay their fears and prevent a tracheostomy. 


The use of steroids I thought was obsolete, but a 
recent report’ suggested that they have some 
benefit. However, the number of cases and the 
period of observation in the study leads me to ques- 
tion whether steroids do any good at all in this par- 
ticular illness. On the other hand, I dont think 
there is any evidence that steroids have done any 
particular harm. 


The newest addition to therapy is the use of aero- 
sols and particularly racemic epinephrine by IPPB. 
This method was studied in Utah first.” Some 400 
consecutive patients received this therapy, and 
recovered without tracheostomy or other difficulty. 
In a St. Louis study, we found we could co just as 
well with aerosolized saline.* Looking back both at 
the Utah data and our own, I think spasmodic 
croup was not ruled out very carefully. In Denver a 
racemic epinephrine study was conducted and for- 
tunately very good viral studies were dame, con- 
firming the presence of severe croup due te parain- 
fluenza viruses in most of their cases.’ Their pa- 
tients did show a transitory benefit which was 
clearly related to racemic epinephrine as compared 
to the administration of saline alone. So, perhaps in 
some instances racemic epinephrine will tide a pa- 
tient over a critical period until the other aspects of 
therapy can become effective. 


Laryngotracheobronchitis. In Table 1 laryngo- 
tracheobronchitis has been omitted. This was done 
intentionally because it has been my past impression 
that this entity rarely occurs. But recently two 


things have caused me to reconsider. First, I went 
over the literature very carefully, and second, I 
went ‘hrough the records for two years at Cardinal 
Glenron Memorial Hospital for Children in St. 
Louis. I discovered that things were not as clear as I 
have tried to make them in this presentation.'® The 
St. Louis chart review data indicated that in many 
cases he physician had difficulty in differentiating 
epiglattitis from laryngotracheitis, and many cases 
of crcup in addition had lower respiratory com- 
plain&. There were many patients with signs of sub- 
glottie distress who had elevated white counts with 
a shif to the left in which the physician on exami- 
nation saw a red epiglottis that was not swollen. 
Cultures in these cases often revealed H influenzae 
and œher pathogens in the blood as well as in high 
concentrations in subglottic region. 


In -eviewing the literature from 1920 to 1940, I 
founc there was another disease, bacterial croup, 
whicl was not epiglottitis. Those patients frequent- 
ly started out with acute laryngotracheitis, prob- 
ably = viral disease, but had superimposed infection 
with either the group A Streptococcus and/or S 
aureus and Hemophilus. Very recently, a paper 
from Utah with eight cases had reconfirmed this." 
They reported S aureus in six patients and He- 
mopFilus and group A Streptococcus in the other 
two. 


H INFLUENZAE CELLULITIS 


I dso want to discuss briefly H influenzae cellu- 
litis. This cellulitis can occur anywhere in the body, 
but he primary site of infection is respiratory. 
Ther2 is some question about how it gets to other 
sites, but it seems to be hematogenous in nonfacial 
lesions. The buccal surface is a common site of H in- 
fluerzae cellulitis. Nelson and Ginsburg have sug- 
geste] that this surface infection is secondary to 
otitis media and lymphatic spread.'? My own feel- 
ing i: that it is more likely due to trauma and direct 
local invasion by the organism. 


In most cases the main lesions are on the face 
with buccal orbital or periorbital involvement. 
Most cases with periorbital involvement have max- 
illar- and/or ethmoidal sinusitis. Characteristically, 
the majority of cases occur from age 6 months to 24 
monchs. The period prior to seeking medical atten- 
tion is very short, less than two days. The tem- 
peracure is greater than 39.4 C in 70% of the cases. 
The major location is the cheek in 59% and the or- 
bit ia 22% ; the other locations are systemic sites. A 
bluish color of the cellulitis is noted in about half of 
the vases, particularly those with buccal involve- 
mem. The white count is greater than 20,000 
cells mm? in 67% of the cases. Cultures of the blood 
are positive in 74% , and response to therapy is very 
rapid so that 67% of the cases are afebrile in 24 
houts. 


Ir nonfacial cellulitis, H influenzae generally ac- 
courts for a relatively small percentage of the cases; 
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S aureus is much more common, and group A strep- 
tococci and pneumococci are second and third in 
prevalence. But in facial lesions a much greater per- 
centage are due to H influenzae. 


When you are dealing with facial lesions in chil- 
dren, a culture from the anterior nasal fossa is very 
useful in detecting H influenzae, the pneumococcus 
and the group A Streptococcus, because these or- 
ganisms are not part of the nasal flora. If these or- 
ganisms are in the anterior nose, it means that there 
is a treatable infection present; the presence of H in- 
fluenzae correlates very nicely with cellulitis. A 
throat culture is not very useful, but blood studies 
are. 


In aspirating a local lesion you do not need fluc- 
tuance as an indication to insert a needle. Many 
people have recommended entering the edge of the 
lesion. But I don’t really think that that is impor- 
tant. Going in just slightly tangentially, injecting 
0.1 ml of saline (being sure that it is a nonbac- 
teriostatic preparation), the cultures are quite likely 
to be positive. 


The therapy of facial cellulitis depends on the 
clinical status of the particular patient. In the aver- 
age patient with cellulitis, our main therapy in the 
past has been ampicillin or amoxicillin; in patients 
who are toxic, the systemic administration of am- 
picillin and chloramphenicol is recommended. We 
need to be sure that a particular lesion is not due to 
S aureus. That is why it is so important to do the 
needle aspiration and perform both a smear and 
culture. When we have a severely ill patient in 
which we cannot definitely rule out staphylococcal 
disease, we need to include staphylococcel coverage 
by using oxacillin and chloramphenicol. 


SUMMARY 


Let me conclude by reminding you first that epi- 
glottitis is one of the real pediatric emergencies. 
Proper therapy (mechanical management first and 
antibiotics second) make the difference between life 
and death. Secondly, we can say that H influenzae 
cellulitis responds very rapidly and dramatically to 
proper antibiotic therapy. 
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PANEL DISCUSSION 


DR. BLUESTONE (Moderator): Dr. Cherry, you 
stated that in acute epiglottitis, which is almost in- 
variably caused by type B H influenzae, the treat- 
ment of choice is chloramphenicol and ampicillin. I 
think this is right out of the Red Book from the Am- 
erican Academy of Pediatrics. Should we give both 
antibiotics initially, or should we wait until the 
blood culture comes back to see if the organism is 
sensitive to ampicillin? Should we use chloram- 
phenicol and ampicillin for the entire course of the 
treatment? If the organism is not sensitive te ampi- 
cillin, should we stop the ampicillin? Are there any 
other antimicrobials that might be indicated? 


DR. CHERRY: I should have emphasized that with 
proper therapy in epiglottitis rapid improvement is 
seen, so that a total duration of seven days of antibi- 
otic is all that is usually necessary. The odds on the 
organism being resistant to both chloramphenicol 
and ampicillin are virtually zero. My own prefer- 
ence is chloramphenicol if the organism is sensitive 
to it. Therefore I would discontinue ampicillin once 
I knew the organism was sensitive to chloramphen- 
icol. You only need to give one antibiotic or the 
other. If the organism is sensitive to ampicillin, 
many infectious diseases experts would discentinue 
the chloramphenicol. 


DR. BLUESTONE: Would you stop the chloram- 
phenicol as soon as you receive laboratory eonfir- 


mation that the organism is not resistant to ampicil- 
lin? 


DR. CHERRY: As I said, I prefer chloramp*enicol 
to ampicillin, but either drug can be stopped once 
sensitivity of the organism to the drug to be con- 
tinued has been demonstrated. 


DR. BLUESTONE: There was an article this month 
on ampicillin-resistant organisms in epiglottitis be- 
ing treated with very large doses of ampicillin. Do 
you think there is any place for this type of therapy? 


DR. CHERRY: In general, I don’t think that is the 
right approach to the problem. For epiglcttitis I 
would use chloramphenicol. Whenever you start us- 
ing drugs for organisms with high minimum in- 
hibitory concentrations (MIC), you are bound to 
have difficulty. This is true for Staphylceoccus 
where you have MICs in the 3 ng/ml range, and for 
Hemophilus with high MICs. Using ameicillin 
would not make sense to me if another drug is 
available. 


DR. SCHRAMM: I would like to ask for an qpinion 
regarding the efficacy of doing aspirations of areas 
involved with cellulitis. It has been my experience 
based on a review of 40 children who had orbital 
cellulitis that there is little correlation beween 


blooc cultures and, in this particular example, lid 
aspirates. In fact, 70% of this group had positive 
blooc cultures but only two had the same organism 
isolated from the lid aspirant. There were, how- 
ever, requently organisms other than H influenzae 
or S paeumoniae cultured. 


DF. BLUESTONE: Dr. Schramm is questioning the 
efficacy of needle aspiration. I think he has refer- 
ence * false negative aspirants. This is precisely one 
of the reasons that we are here today, since there 
are scme otolaryngologists who feel that aspiration 
is not ndicated or that it has not been satisfactory. 
Whew the technique has been used routinely the 
needE aspiration may be very effective in helping 
us arrive at the proper diagnosis. 


DR SHURIN: Dr. Cherry has reviewed the current 
recom mendations as to the use of ampicillin and 
chloramphenicol for the treatment of H influenzae 
type 2 infections, and I think there are two issues 
that += should raise here. One is that although this 
has nət yet been a problem, we may in the near fu- 
ture see multiple drug-resistant strains of this organ- 
ism, sc we need to anticipate what therapy would 
be usul. The more immediate concern is that in 
our asa, many physicians have begun using other 
drugs particularly the newer cephalosporins such 
as cefamandole. The published literature is not yet 
compæte enough to support this change in routine 
therapy of H influenzae type B infections. I am 
speak-mg with the exception, of course, of meningi- 
tis. I ~ant to ask Dr. Cherry what his view of the 
curren. state of these drugs is; and if he shares mine, 
what = udies should we be doing to confirm or deny 
the pEce of such drugs in these infections? 


DR. CHERRY: Our experience with ampicillin in 
H infesenzae cellulitis and periorbital cellulitis has 
been geod. The only failure I have ever seen in H in- 
fluenzze periorbital cellulitis was a patient we 
treated initially with cefazolin. His fever came 
down im 24 hours and his cellulitis improved dra- 
matica ly. We then switched to cephalexin, and he 
had a weturn of symptoms. When we looked at the 
sensitiaty of the organism the result was predict- 
able: $e MIC of cephalexin for the organism was 5 
pg/ml. 


FLC@R COMMENT: I have always been very reluc- 
tant tc use chloramphenicol initially for epiglottitis, 
becau I have never seen or spoken to anyone who 
has seen a patient who has subsequently developed 
menitis. I would be very interested if anyone has 
had a dinical situation where he really was obliged 
to use chloramphenicol first because of meningitis. 


It ws mentioned that certain antibiotics will im- 


24 PANEL DISCUSSION 


pair the T-cell ability to recognize an invading 
microorganism and thus impair the immunological 
response. This is certainly something which is re- 
peated in the literature, particularly in regard to 
otitis media. It has been suggested by some that one 
delay antibiotics for two to five days in order to get 
an established T-cell response. Investigators I have 
asked feel that the T-cells should be able to recog- 
nize an organism promptly, rather than taking five 
or six days. 


DR. BLUESTONE: Dr. Cherry, why are you giving 
chloramphenicol? Is it to prevent meningitis? 


DR. CHERRY: No, I hope I did not give that im- 
pression. We use ampicillin and chloramphenicol in 
life-threatening Hemophilus infections; one of those 
is meningitis and the other is epiglottitis. One re- 
ported patient who, I believe, had epiglottitis, did 
get ampicillin but failed, and went on to die of sep- 
ticemia. 


FLOOR COMMENT: There is no question about the 
resistance to ampicillin; in fact, we are now run- 
ning 5 to 10% resistance rates. Has anyone had the 
experience in a patient with epiglottitis where it 
was not the airway that was the problem, but the 
meningitis? In my personal experience, with airway 
problems you have all the time you need to get your 
cultures back. Moreover, having had the experience 
of a death from chloramphenicol, I am gun-shy. 


DR. CHERRY: I am also aware of one death in 
spite of a satisfactory airway in a patient who got 
ampicillin. I think his death was due to septicemia. 


DR. NEU: I know of a child with epiglottitis with 
a resistant strain of H influenzae who died in New 
York City with septicemia. So it does occur. 


There is a misconception. I don’t believe that 
there is a clearly established case in the world liter- 
ature of a patient who died following the use of 
chloramphenicol intravenously. There are two pa- 
tients described in the literature, one following the 
use of eye drops, another following oral therapy, 
but other than these two cases which are question- 
able, there are no cases‘of aplastic anemia following 
intravenous chloramphenicol. There has not been 
one case seen in the last decade and a half following 
intravenous use. 


FLOOR COMMENT: That of course is what is com- 
monly stated; it is said in the textbooks that aplastic 
anemia does not occur after parenteral chloram- 
phenicol. However, in the latest information letter 
by Parke-Davis Co. they recommend that the pa- 
tient be given an oral chloramphenicol as soon as 
feasible. I cannot believe that any drug company 
would make a recommendation like that while the 
scientific literature is saying that the only way we 
can get aplastic anemia is to give a patient an oral 
medication. Maybe they know something we don't. 


DR. KLEIN: I think that this is a very important 


issue to clarify. We reviewed the literature at the 
time that the American Academy of Pediatrics 
Committee on Infectious Disease made its recom- 
mendation regarding ampicillin-resistant strains. 
There are five cases reported since the drug was in- 
troduced in 1954 where parenteral chlorampheni- 
col alone was used and aplastic anemia followed.'~4 
Of the five cases, three had another possible 
etiology for the aplastic process. It is very difficult 
to know how much parenteral chloramphenicol 
alone (without oral chloramphenicol) has been used 
over the years. But even if you took a very conserva- 
tive figure of 50,000 to 100,000 courses per year in a 
25-year period, the data suggest a record of safety 
rather than a liability for the parenteral drug. And 
we are talking about use of parenteral chloram- 
phenicol for potentially life-threatening disease. 


The Parke-Davis drug recommendation in terms 
of oral use is a very separate issue. The drug is used 
extensively in an oral form in many parts of the 
world as an over-the-counter product. We really 
have no idea of the number of courses of oral drug 
administered. The best information suggests that 
aplastic anemia occurs in 1 case per 20,000 courses. 
Thus, the parenteral appears to be a safe product 
whereas the oral form has a limited but definite 
potential for causing aplastic anemia. 


DR. BLUESTONE: If you do find that the organism 
is sensitive to ampicillin, do you think it is worth- 
while to continue the chloramphenicol, or should 
we give the ampicillin? 


DR. KLEIN: That is a judgment issue, because if 
only the parenteral drug is used, then the concern 
for its usage in terms of the aplastic process is very 
limited; and what happens subsequently (when you 
know there is a sensitive strain) is of relatively 
limited importance. My choice would be to change 
to ampicillin, but I would have no argument with 
those who wanted to continue the parenteral chlor- 
amphenicol. 


DR. BLUESTONE: Would the panel like to discuss 
anything further related to the antimicrobial treat- 
ment of epiglottitis? 


DR. GINSBURG: I don’t think that under any cir- 
cumstances that cefamandole is an alternative for 
chloramphenicol in a condition such as buccal cel- 
lulitis. Our experience has been that approximately 
10% of children with buccal cellulitis have an as- 
sociated meningitis and some may not have a CSF 
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pleocytosis, initially. I think that chloramshenicol 
is the initial drug of choice. 


FLOOR QUESTION: First, in the preoperative 
preparation of the head and neck cancer patient, 
does Betadine® gargle or something simi.ar have 
any usefulness? Secondly, do topical ageats have 
any usefulness in clearing the draining tynpanos- 
tomy tube problem? 


DR. HERZON: I am unaware of any data in the 
nasal surgery field which suggests that the topical 
preparation of mucosal surfaces had any s-atistical 
effect in reducing postoperative wound infections, 
all other things being equal. 


FLOOR COMMENT: At the ACS Surgical Forum 
last fall, there was a report of a study that showed a 
marked decrease in the number of bacteria as well 
as subsequent wound infection where GI surgery 
was performed after the area to be resected had 
been clamped and then treated with Betacine. We 
can extrapolate, perhaps, from that and say that in 
some areas it has been shown that preoper2tive top- 
ical exposure with an antiseptic agent will have 
some positive effects. 


DR. HERZON: I did a study once on nasal packs 
and the incidence of bacterial infection. I e»mpared 
the effectiveness of topical antibiotics on tae gauze 
on one side with no medication on the other side; 
there was an advantage to the antibiotic-impreg- 
nated gauze. However, whether or not it will truly 
decrease the number of bacteria in head and neck 
cancer where there are so many other facets in- 
volved, I don’t know. 


In answer to the second question, I did not ex- 
amine the question of the drops. They were given in 
a totally arbitrary fashion; one day they were given 
and another day they were not. To the best of my 
knowledge, drops had no effect on the coumse of any 
of those tube infections. I am not sure how one can 
put drops through a 2 mm lumen anyway. 


DR. BLUESTONE: You stated that the biggest 
problem in infectious disease was tae tym- 
panostomy tube and the otorrhea that occurred 
following its insertion. How do you get a culture of 
the middle ear when a tympanostomy tube is in 
place, and how do you know if what you find from 
the culture is causing the infection? 


DR. HERZON: In four of the serious infections 
presented previously, the tubes were removed from 
the middle ear at surgery and cultures were taken 
from the middle ear space. Two sets of instruments 
with traps were used, as was described previously. 
Any attempt to culture directly from the tympanos- 
tomy tube in a 2- to 3-year-old patient is gaing to be 
difficult except under a general anesthetic. 


DR. BLUESTONE: When you used two sts of in- 
struments, did you culture the ear canal frst? 


DR. HERZON: No. 


Dm. BLUESTONE: We try to get an external canal 
culture first. You can do it in a 2- or 3-year-old by 
wra)ping or restraining the child before taking the 
canil culture. Then with a blunt-nose needle with a 
Senturia trap, we aspirate the middle ear contents. 
Thi: is effective when you have a draining ear 
through a tympanostomy tube or for that matter 
through a perforation (which we will discuss this 
afte-noon). Admittedly this is not the best of tech- 
nicues, because we are dealing with a contamin- 
atec area. This was discussed to some extent this 
moming. It was said that there were anaerobes in 
the middle ear effusions but no external canal cul- 
tures were obtained. Therefore the anaerobic or- 
gan sms found in the middle ear effusion were prob- 
ably contaminants from the external canal. I think 
the same problem exists when there is drainage 
thrcugh a tympanostomy tube. You must culture 
the =xternal canal and then assess what is found in 
the middle ear, but it is difficult, admittedly. 


FLOOR QUESTION: Dr. Herzon, how do you 
prepare your surgical field before inserting tympan- 
ostamy tubes? 


LR. HERZON: I don’t. 


CR. BLUESTONE: If we have established the idea 
tha’ there are potential pathogens in the external 
ear canal, then why do we not use aseptic surgical 
tect niques in preparing our operative field for tym- 
parmstomy tubes? 


LR. HERZON: First, the incidence of serious infec- 
tiors is extremely small. Secondly, there is the ques- 
tior of time in the operating room. Now the data 
ma suggest that you should use general surgery 
prizciples in preparing the operative field for tym- 
panostomy, but obviously a controlled study should 
be done. I should like to review the incidence of 
oto-rhea after insertion of posttympanostomy 
tubes. Dr. Bluestone reported a 68% incidence in 
cleft palate patients. Another study from the Scan- 
dinavian countries reported a 25% incidence of 
oto-rhea, most of which occurred some time after 
insertion. In other words, failure to prepare the ca- 
nal has nothing whatsoever to do with infections 
tha- occur three and four months later. It is a very 
smell percentage, so I am not sure it is worth it. 


DR. BLUESTONE: You mean that these ears begin 
to crain after a quiescent period? 


DR. HERZON: Yes, in fact there were only 11 
draining ears in the whole study that occurred im- 
mediately postoperatively. 


FLOOR COMMENT: I think you are talking about 
twe different things: there are draining tubes, and 
then there are tubes that drain; and my clinical ex- 
perence is that tubes that drain respond very nicely 
to tpical application of a medication. Now, drain- 
ing tubes might not. There is a child who has tubes 
inserted and is bad with them but worse without 
then; he has only a draining ear with the tube in. 
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But if you take a child who reacts to tubes, he gets 
an immediate postcperative infection. I cannot al- 
low that. In my -linical experience, such patients 
respond to topical instillation of ear drops. Some- 
times the parents may not get the drops in but if I 
bring the patient mto the office, and suction out the 
ear and blow in -he drops, I uniformly hear that 
within about two days the drainage is gone. 


DR. NEU: Pharmacologically there may be an ex- 
plantion why the dzops work. When the physician 
instills drops, it ismot actually the same as when the 
parent does. When you remove all the debris, you 
eliminate a significant amount of calcium, magnesi- 
um and other material which inactivates the poly- 
myxin B or the polymyxin E, that is, the col- 
istimethate. With these drugs you can get Pseu- 
domonas and other Gram-negatives to grow by just 
dropping in some 2alcium or magnesium. Indeed, if 
you could maybe wash the ear with a 10°? or 10-4 
molar solution of ethylene diaminetetraacetic acid 
(EDTA) initially, which would not damage the tis- 
sue but chelates the debris, and then use polymyxin, 
it would be much more efficacious. 


DR. BLUESTONE: Dr. Finegold, what is the 
significance of anaerobes being cultured from the 
sinuses and middle ears? There was some discussion 
recently as to whether anaerobes are really present 
in acute or chroni otitis media with effusion. 


DR. FINEGOLD: We have to examine the question 
in perspective. Regardless of the type of organism, 
aerobic or anaercbic, one must decide on clinical 
grounds and other :nformation available what the 
significance of the isolate is. This is particularly true 
in many head ane neck infections where mixed in- 
fections occur very commonly, often involving six or 
seven organisms. Does one have to treat for all of 
these organisms? [ would say in general, no. The 
majority of the organisms in head and neck infec- 
tion, as you have seen from the data presented, are 
susceptible to cell-wall-active agents such as peni- 
cillins and cephaosporins. The major exceptions 
would be S aureus and Gram-negative facultative 
bacilli, neither of which are commonly encountered 
unless a patient has received prior antimicrobial 
therapy. 


It is clear that the anaerobes are really present, 
but it is somewnat difficult to establish their 
significance in mixed infections of this sort. One 
cannot depend on Koch’s postulates, as we typically 
have done in the past. There is evidence that the 
anaerobes are important, and, in selected cases, if 
one fails to take them into account in designing an- 
timicrobial therapy, the patient will not respond 
until an appropriate agent is added. In general I 
would say that penicillins and cephalosporins repre- 
sent valuable agents in this group of infections. 


FLOOR QUESTION: In the prophylaxis study, if 
you had a group like you described, would 
penicillin have worked as well as a cephalosporin? 


DR. FINEGOLD: To a large extent it wo ild have, 
but a certain number of the infections did involve S 
aureus, and those particular ones would not have 
responded. But for the other types of o-ganisms, 
penicillin would have been a good choice. 


DR. NEU: I was surprised that you hed so few 
Klebsieila considering a VA population. Data like 
that of Drs. Fuxench-Lopez and Ramirez-Ronda 
and several other groups have shown the heavy col- 
onization of Klebsiella in the patient with 
alcoholism. I always associate alcoholism with na- 
sopharyngeal carcinomas and similar diseases. 
Have you not seen that heavy concent-ation of 
Klebsiella in such patients? 


DR. FINEGOLD: As a matter of fact, Klebsiella 
pneumoniae is the major nosocomial pathogen at 
Wadsworth, and I cannot imagine why ia our VA 
population, where alcoholism is so widespread, we 
did not see more. 


DR BLUESTONE: Dr. Klein, I know rou have 
some new data from Boston about anaerobic organ- 
isms in otitis media with effusion. Would rou share 
that with us? 


DR. KLEIN: The data are that of Drs. Teee, Healy, 
and Tally.* They found no isolates of enaerobic 
organisms in persistent middle ear effusions of 30 
children (51 ears) who came for insertion of ven- 
tilating tubes or a myringotomy. Cultures of the 
surface of the tympanic membrane also failed to 
yield anaerobic bacteria. 


This is a new technology, a new area of investiga- 
tion. The reader must look very careful v at the 
materials and methods and be certain thet the in- 
vestigator is appropriately cleansing the external 
canal before aspirating material from th> middle 
ear, so that there is a clear distinction between the 
organisms obtained from that fluid and organisms 
that might have been contaminants from the exter- 
nal canal. 


These data will no doubt be refined as the tech- 
nology extends from Dr. Finegold’s labo-atory to 
other laboratories, and more studies are performed. 
Right now the data are quite mixed, and -he more 
recent studies of both acute otitis media and chronic 
otitis media from different laboratories seem to 
show a very limited incidence of anaerobic organ- 
isms. 


Dr. Finegold’s point was very well taker. that in 
acute otitis media the data seem to show very few 
anaerobes while in chronic otitis media tere is a 
discrepancy. The more recent studies from Boston’ 
show no anaerobic organisms, whereas tae study 
done in Los Angeles* showed a very significant pro- 
portion of anaerobic bacteria. 
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FLOOR QUESTION: Dr. Neu, you were talking 
about carbenicillin and gentamicin in the treatment 
of severe external otitis. Were those two agents for 
systemic Pseudomonas infection? 


DR. NEU: I think that they are very useful in the 
systemic treatment of those conditions. We have 
switched over pretty much to using ticarcillin, 
because it is slightly more active and effective in 
lower doses. Many of these people are older and 
have the problem of congestive heart failure. We 
also have tended to use tobramycin. The studies 
from our own group, at least, comparing tte ticar- 
cillin-tobramycin regimen versus carbenici! in-gen- 
tamicin have shown a greater degree of synergy. 
Usually, because of the length of time that you have 
to treat the patient, you probably have less chance 
of nephrotoxicity. There is a lower degree of ototox- 
icity, probably, with tobramycin than wit! genta- 
micin. 


DR. FINEGOLD: I think that there basically is 
very little difference between gentamicin-tcbramy- 
cin and carbenicillin-ticarcillin; therefore, t prob- 
ably does not make a great deal of difference which 
one you use. There are certain situations in which 
one might be preferable. Tobramycin, I thimk, does 
have somewhat better activity against Pseudomon- 
as; on the other hand, gentamicin has somewhat 
better activity against Klebsiella. Ticarcil in also 
has an advantage in terms of the sodium load. 


FLOOR QUESTION: In diabetic people wit a exter- 
nal infections, what would you use as your drug of 
choice? They are usually infected with Grarm-nega- 
tive bacilli. 


DR. BLUESTONE; First of all, are you satisfied 
with the terminology? I know that you did not use 
the term malignant otitis media. Dr. Neu, would 
you like to clarify the terminology for us wh» are in 
otolaryngology? 


DR. NEU: I do not think that the condition is an 
otitis. I think it is really a disease of the mastoid 
bone, a mastoiditis, that has caused pressure and in- 
volved the lining of the brain in most of the cases. 
We now have treated about 15 people with -he dis- 
ease, so we have a fairly good experience. We have 
used most of the aminoglycosides and most of the 
semisynthetic penicillins. 


There are several things that are importamt. One 
is regulation of the diabetes. In somebody who is 
going to have to receive 30-40 g carbeniecillin or 
18-24 g ticarcillin and a great deal of eith2r gen- 
tamicin or tobramycin, you really cannot use an in- 
dwelling intravenous catheter for extended periods. 
We have gone to these heparin-lock IV devices so 
that we do not have to have a glucose “keep open” 
situation which tends to throw off the diaberes. We 
have made a major attempt to have the diabetolo- 
gist, otolaryngologist, and dietician work with us 


on these patients, to make sure that we can get the 
diab=es in good control. 


It zas been our experience initially that some oto- 
laryr sologists use the same instruments throughout 
the wnele operative procedure; we now ask them to 
have wo sets of instruments. For culture purposes 
we would like to have bone that they remove from 
the imer part of the ear. One of my Fellows picks 
up tke specimens in the OR during the procedure. 
We equest that the first bone specimen not have 
been m contact with the initial skin incision; and we 
ask tzat a last specimen be an inner piece of bone 
that = obtained by chipping, so that we may deter- 
mine f it is indeed Pseudomonas. If it is an anae- 
robe. we take the specimens to the laboratory im- 
mecétely and they are immediately ground with 
the Gass pestle and handled aerobically and anae- 
robicelly. On occasion we have found anaerobes, 
but tzat is not a problem, obviously, if you are us- 
ing carbenicillin or ticarcillin, since they have a fair 
degree of anaerobic activity. But you would like to 
be sum that they would be active against those or- 
ganisms. The other problem is that treatment must 
exter for a six-week period. 


I think the concern about the aminoglycosides 
caus ototoxicity to the contralateral good ear or 
dame zing the kidney has resulted often in under- 
dosire and so we follow the blood level, and we 
very <arefully do creatinine clearances, usually at 
six-hear intervals. I realize that you cannot get a 
24-hcar creatinine clearance in a patient who does 
not feve an indwelling urethral catheter. We do a 
partia elearance, and we also calculate on the basis 
of age and body weight. Because of these things, 
our s@eess in the last four or five patients has been 
excel ent. 


Dt. BLUESTONE: I would like to ask Dr. Neu to 
revie» the bacteriology in the cases where he had 
an Cpportunity to get really good specimens. How 
many df them yielded Pseudomonas and how many 
of them yielded other kinds of organisms? What has 
been sour overall mortality? 


DE. NEU: The overall mortality in the total series 
runs adeut 30% . We have tended to see the patients 
quite early because of our interest in the disease, 
and rzaybe we are seeing a slightly different popu- 
laticr They are not older alcoholics, but they are 
diabetic. Most of them are fairly affluent. 


We have been surprised at our microbiologic 
findimgs recently since we have been doing anaero- 
bic c.Jtures: there are, in addition to the Pseu- 
domaras, anaerobes as well. We have cultured B 
fragi, Fusobacterium, peptococci and other 
orgarsms, when my Fellow has been present dur- 
ing tke operative procedure to take the specimen to 
the «> immediately; unless someone immediately 
proceses the culture, they are missed. A patient 
with ®erotizing external otitis is always done as the 
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last case of the day because it is a dirty case and the 
specimens trequently never get to the laboratory. 
Therefore, I do not know what the original bac- 
teriology was in such cases. We always grew the 
Pseudomonas because they are there. Now there is 
some question in my mind whether Pseudomonas is 
the only pathogen. 


DR. BLUESTONE: So we should name the disease 
necrotizing external otitis or mastoiditis or necro- 
tizing osteomyelitis of the temporal bone and 
possibly base of the skull. 


FLOOR QUESTION: I noticed, Dr. Neu, that on 
your slide cealing with the sinuses you listed various 
antibiotics but you left out the erythromycins. 
Would you comment on the use of erythromycins 
for sinus infections? 


DR. NEU: I think that erythromycin does provide 
good concentrations. The difficulty with erythro- 
mycin in the adult is the poor tolerance to the drug. 
There has deen a real problem from its oral use in 
this kind of population: older individuals who have 
chronic disease and on whom mainly tetracyclines 
and the penicillins have been used. 


DR. BLUESTONE: From the data that are present- 
ly available, is chemoprophylaxis effective in sur- 
gical cases like the routine stapedioplasty, tympano- 
plasty, tympanomastoidectomy, and following a 
rhinoplasty in which intranasal packing has been 
employed? There is much controversy in otolaryng- 
ology over whether we should use antimicrobial 
prophylaxis. Dr. Becker pointed out in his paper 
that he feels a cephalosporin is effective for prevent- 
ing postoperative wound infections. 


DR. KLEIN: I think there has been a marked 
change in the attitude toward chemoprophylaxis. 
Just a few vears ago, apart from usage of penicillin 
G for patients who had rheumatic heart disease or 
for patients who had underlying heart disease at the 
time of procedures such as dental surgery, chemo- 
prophylaxis was frowned upon. Now use of antimi- 
crobial agents for prevention has many approved 
uses. This change has come because of the presenta- 
tion of excellent double-blind studies demonstrating 
a difference in results in those patients who had 
short preoperative courses of prophylaxis. 


I think the major criticism that I would have of 
the way prophylactic antimicrobial agents are used 
now by our surgeons is that they are extended far 
too long. What we are talking about is the use of the 
drug at the time of the infectious challenge. This re- 
quires a concentration of drug in the tissues at the 
time of operation and for a very brief period after- 
wards. I think that perhaps Dr. Becker might com- 
ment on this and whether even the extension of the 
drug for 24 hours is necessary. 


DR. FINEGOLD: In general, I would agree. In 
situations where it is truly clean surgery and where 


there is no normal flora involved at the site of 
operation, prophylaxis is not indicated. I would em- 
phasize the short duration of prophylaxis but also 
recommend that therapy be started just an hour or 
two prior to surgery, so that one does mot have a 
chance to modify the flora and select out more resis- 
tant organisms. 


DR. NEU: I feel fairly strongly that in much of the 
clean surgery performed, antibiotics are not indi- 
cated. In specific operations, their use is reasonable. 
I think that in the alcoholic patient with poor pro- 
toplasm who is debilitated and similar cases, it is 
probably very reasonable to administer antibiotics 
because of bad tissues. But I am not sure that some- 
one needs antibiotics who lives on the 80th floor of 
an apartment overlooking Park Avenue and who is 
to have an ear operation. 


DR. BECKER: Someone had mentioned that Kleb- 
siella was seldom seen. This organism was our most 
common Gram-negative aerobe cultured preopera- 
tively, as well as the common Gram-negative cul- 
tured in infected wounds. Secondly, as far as ear in- 
fection goes, Dr. Eugene Derlacki told me some 
years ago, I believe, that among some 17,000 ear 
cases he did not observe many infections. So why 
use prophylactic antibiotics? He thought there were 
some surgical procedures which were clearly bene- 
fited by the use of chemoprophylaxis, but other sur- 
gical procedures which clearly were not benefited. 
In the future, we will need to look at individual 
procedures as well as duration of antibiotic prophy- 
laxis. 


FLOOR QUESTION: Dr. Becker, your rate of fistu- 
la formation was quite high; higher than we see in 
Michigan. I just wondered if you have analyzed 
your statistics as to the training of residents who are 
doing the surgery, or the difficulty of the surgery? 
Can you explain your high rate of fistula formation? 


DR. BECKER: No, I cannot. Most of our patients 
were alcoholic, malnourished, with poor dental hy- 
giene, and had been radiated preoperatively. All 
the surgery was done by residents, and took longer 
than most private practitioners. Among other cir- 
cumstances which could lead to this higher inci- 
dence is salivary leakage through an imcontinent 
mucosal suture line after effective antibiotic tissue 
levels had ceased. 


FLOOR QUESTION: Dr. Neu, you mentioned oste- 
omyelitis in describing mastoiditis. I wondered if in 
the treatment of either acute or chronic mastoiditis, 
one needs the length of therapy used, six to eight 
weeks, for example, as in long bone infection. Do 
you have some suggestions on infections of the mas- 
toid bone? 


DR. NEU: I now treat those patients for six to 
eight weeks. I think that it is very important to get 
the exact microbiology if you possibly can, because 
it will give you an idea whether you might be able 
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to use an oral agent. With some of those petients, 
particularly if the anaerobes are involved, you 
might be able to proceed with high concentations 
of oral penicillin or with a drug like clindamcin or 
metronidazole. 

If you truly have the Gram-negatives, waich is 
what one encounters from the outside of trae s, par- 
ticularly in those people who have been oper:ted on 


severz times, you usually will never be able to use 
oral therapy. The reason we follow this procedure is 
that ~e have had several patients come back to us 
with train abscesses three or four months after get- 
ting = two-week course in the hospital. I view 
maste-ditis in the present era as just as severe a com- 
plica æn as it was prior to the development of the 
antibidtics. 


MICROBIOLOGY AND ANTIMICROBIAL TREATMENT OF OTITIS 
MEDIA 
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Appropriate choice of antimicrobial agents for therapy of otitis media (OM) is based on an understanding of the microbiology of the 
acute and chronic diseases. The results of studies of bacteriology of OM are very similar: Streptococcus pneumoniae and Hemophilus in- 
fluenzae are the most important pathogens; Gram-negative enteric bacilli are isolated from middle ear fluids (MEF) of approximately 20 % 
of infants to 6 weeks of age; group A 6-hemolytic Streptococcus and Staphylococcus aureus are infrequent causes of otitis. Preliminary re- 
sults suggest that anaerobic bacteria are responsible for some episodes of OM. Viruses and mycoplasma are infrequently isolated from MEF 
but Chlamydia trachomatis appears to be a significant cause of OM in young infants. Recent studies of asymptomatic children with persis- 
tent MEF indicate that bacterial pathogens are present in some of these fluids. The significance of these results is uncertain, but they sug- 
gest that the persistent effusion may be a result of prolonged infection or may be an immune response to bacterial antigens. Based on the 
bacteriology, amoxicillin or ampicillin are the currently preferred drugs for initial treatment of otitis media. For the child who is allergic to 
penicillins, cefaclor or erythromycin combined with a sulfonamide or trimethoprim-sulfamethoxazole are satisfactory alternatives. The 
current incidence of ampicillin-resistant H influenzae responsible for OM is low but if the patient does not respond to initial therapy with 
ampicillin or amoxicillin, infection with a resistant strain of H influenzae should be considered and a change in therapy to include a 
sulfonamide, trimethoprim-sulfamethoxazole or cefaclor is appropriate. 


Appropriate choice of antimicrobial agents for 
otitis media is based on an understanding of the mi- 
crobiology of the acute and chronic diseases. The 
bacteriology of acute otitis media has been well doc- 
umented, but only recently are data available about 
bacteria associated with the chronic disease. The 
purpose of this report is to review the results of 
microbiologic studies of acute and chronic middle 
ear infection, to review data about the in vitro ac- 
tivity and clinical and microbiologic efficacy of an- 
timicrobial agents of value in otitis media, and to 
consider therapeutic plans for prophylaxis and 
treatment. 


MICROBIOLOGY OF ACUTE OTITIS MEDIA 


The microbiology of otitis media has been de- 
fined by culture of middle ear fluids obtained by 
needle aspiration. Many studies of the bacteriology 
of acute otitis media have been performed, and the 
results are remarkably consistent in demonstrating 
the importance of Streptococcus pneumoniae and 
Hemophilus influenzae as pathogens. Although 
epidemiologic evidence associates virus infection 
with otitis media, viruses are isolated infrequently 
from middle ear fluids. Similarly, Mycoplasma are 
seldom associated with otitis media. Chlamydia 
may be important in the etiology of otitis media in 
young infants. 


Bacteria. Studies of the bacteriology of otitis 
media conducted in Sweden, Finland, and the Uni- 
ted States all gave similar results' (Fig. 1). S pneu- 
moniae is the most common agent in all age groups, 
and H influenzae is second in importance. Group A 


Streptococcus was the pathogen in a significant 
number of cases studied in Scandinavia, but this 
was not the case in the United States. Staphylococ- 
cus aureus and Gram-negative enteric bacilli are in- 
frequent causes of acute otitis media in children and 
adults but are responsible for about 25% of cases in 
newborn infants. These bacteria may be the agents 
of infection in patients with chronic perforation of 
the tympanic membrane. 


Because S pneumoniae is the most important 
cause of otitis media, investigators have carefully 
studied the types responsible for infections of the 
middle ear. The results of studies of approximately 
2,000 children indicate that relatively few types are 
responsible for most disease.*** The most common 
types in order of decreasing frequency are 19, 23, 6, 
14, 3, 18, 4, 15, 9, 7, and 1 (Table 1). All are in- 
cluded in the currently available 14 type pneumo- 
coccal vaccines (Pneumovax®, Merck Sharp & 
Dohme; and Pnu-Immune®, Lederle Laboratories). 


Most cases of otitis media due to H influenzae are 
attributable to nontypable strains. Type B strains 
are present in about 10% of cases of otitis media 
due to H influenzae. Children with infection due to 
type B H influenzae appear toxic, and about one 
quarter of these children have concomitant bacte- 
remia or meningitis.’ Until recently H influenzae 
appeared to be limited in importance to preschool 
children; however, new information indicates that 
this organism is a significant cause of otitis media in 
older children, adolescents, and adults.’ 


Group A -hemolytic Streptococcus has been a 
significant pathogen in some studies from Scandi- 
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navia but has been less frequent in published re- 
ports from the United States. 


Gram-negative enteric bacilli are responsible for 
about 20% of otitis media in young infants, but 
these organisms are rarely present in middle ear 
fluids (MEF) of older children with acute otitis 
media.®? Other than the increase in otitis due to 
Gram-negative bacilli and the presence of other 
organisms responsible for neonatal sepsis such as 
group B Streptococcus and S aureus, the bacter- 
iology of otitis in the infant to 6 weeks of age is 
similar to that in older children. 


The role of Branhamella (formerly Neisseria) ca- 
tarrhalis and coagulase-negative staphylococci in 


TABLE 1. DISTRIBUTION OF SEROTYPES OF 1,837 
STRAINS OF S PNEUMONIAE ISOLATED FROM MIDDLE 
EAR FLUIDS OF CHILDREN WITH ACUTE OTITIS MEDIA** 


Serotype No. of Strains 1%) 
I 38 ( 2.1) 
3 157 ( 8.5) 
4 63 ( 3.4) 
6 220 (12.0) 
7 43 ( 2.3) 
8 28 ( 1.5) 
9 54 ( 2.9) 
10 27 ( 1.5) 
l1 34 ( 1.9) 
14 189 (10.3) 
15 59 ( 3.2) 
18 106 ( 5.3) 
19 423 (23.0) 
22 32 ( 1.7) 
23 230 (12.5) 
35 20 ( 14 
Otherst 114 ( 6.2) 
% in 14 type vaccine (84.7) 


*Serotypes in 14 type vaccine italicized. 

tSerotype (number) - 2 (1), 5 (4), 12 (6), 13 (2), 16 17), 17 (12), 
20 (5), 21 (5), 24 (6), 25 (0), 27 (1), 29 (3), 31 (11), 33 (17), 34 (4), 
37 (1), 38 (10), 46 (1), 48 (1), nontypable (7). 


. pneumoniae 


Ampicillin-resistant H. flu 


Ampicillin-resistom H. flu 
Washington C. 





Fig. 1. Bacteriology of acute otitis 
media with eHodon bard on reports 
from centers in the United States, 
Finland and Sweden, 1953-1975, in- 
cluding 3,583 children. Incidence of 
i ia lin-resistant strains of Hemo- 
philus influenzae are noted.' (From Klein 
JO. Management of acute and chronic 
otitis media. In: Remington JS, Swartz 
MN, eds. Current clinical topics in infec- 
tious diseases — 2. New York: McGraw- 
Hill, 1980. Adapted with permission.) 


acut= otitis media is uncertain. These organisms are 
cons dered commensals and are part of the skin 
flore of the external ear canal. But some investiga- 
tors have reported isolation of pure cultures of B 
cata~halis’® or coagulase-negative staphylococci"? 
from cases of purulent middle ear effusions after 
adec aate cleansing of the external canal. Organisms 
are sen in Gram-stained material both free and 
engt fed by polymorphonuclear leukocytes. The 
find ags suggest that in some cases, these bacteria 
may >e responsible for suppurative otitis media. 


Ræent studies of Brook et al suggest that anaero- 
bic xacteria may cause otitis media.'* Peptococcus, 
an e-ganism that colonizes the upper respiratory 
trac and may cause lower respiratory tract disease, 
and ’ropionibacterium acnes, a component of the 
norr-al skin flora, were the most frequently isolated 
anae obic organisms. In some studies, the external 
cana was not cleansed prior to aspiration of the 
mide ear fluid; therefore, it is possible that the 
orgeaisms isolated represent contaminants from the 
exte-al canal rather than pathogens causing otitis 
mecz. In a study of children with persistent middle 
ear +fusion, Teele et al used appropriate methods 
of cæansing the canal and failed to isolate anaerobic 
bac*eria from the middle ear." 


[sparate results of bacterial cultures of middle 
ear uid obtained by needle aspiration from chil- 
dren with bilateral otitis media have been reported 
by sveral investigators. In most cases culture of the 
effuson from one ear is sterile but a bacterial path- 
oge» is isolated from the other ear. In some cases, a 
diff=-ent bacterial pathogen is isolated from each of 
the -wo ears. Pelton et al'* cultured middle ear fluid 
fror both ears of 122 children with bilateral acute 
otit= media; disparate results were found in 27 
(22 %) of the children. These data indicate that in- 
vest sative studies of the microbiology of bilateral 
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TABLE 2. ISOLATION OF VIRUSES IN PATIENTS WITH 


OTITIS MEDIA" (N = 663)* 


Virus No. of Patients 
Respiratory syncytial virus 22 
Influenza viruses 4 
Coxsackievirus B4 l 
Adenovirus 3 l 
Parainfluenza 2 l 
Totals 29 (4.4%) 
No growth 634 


*622 patients had acute and 41 had chronic otitis media. 


otitis media must include aspiration of both ears to 
determine the efficacy of methods of treatment (ie, 
trials of antimicrobial agents) or prevention (ie, 
evaluation of vaecines or drugs). 


Viruses. Epidemiologic data suggest that virus in- 
fection is somet mes associated with acute otitis 
media. In a lonzitudinal study of respiratory ill- 
nesses and complications in children six weeks to 11 
years of age, Henderson and colleagues!’ demon- 
strated a correletion between isolation of viruses 
from the upper respiratory tract and the clinical 
diagnosis of otitis media. Outbreaks of viral infec- 
tion coincided with epidemics of otitis media. In 
contrast to this 2pidemiologic association are the 
results of studies of fluid obtained for viral culture 
from middle ear effusions of children and adults 
with acute and chronic otitis media. Viruses were 
infrequently isoleted from the middle ear effusions: 
a virus was isoleted from only 29 (4.4%) of 663 
fluids.'® (Table £) Respiratory syncytial virus and 
influenza virus were the most common isolates, and 
they were most likely to be present in middle ear 
fluid during periods of epidemic infection in the 
community. The low frequency of isolation of vir- 
uses from middle ear fluids does not support the be- 
lief that these ¿gents play a direct role in the 
etiology of acute otitis media. However, it is possi- 
ble that 1) viruses present early in the course of the 
disease were no longer present when the patients 
sought medical actention, 2) the viruses were pres- 
ent in low concertrations and were not readily iso- 
lated from the ear fluids, or 3) inhibitory material, 
such as antibody, interferon, or lysozyme, pre- 
vented successful isolation of the virus. 


Mycoplasma. A report of a study with adult 
volunteers suggested a role for Mycoplasma pneu- 
moniae in otitis media. Myringitis, associated with 
hemorrhage and bleb formation, was observed in 
nonimmune voluateers inoculated with this organ- 
ism." However, when specimens of the middle ear 
fluid of a large number (771) of patients were cul- 
tured for isolatior of M pneumoniae, this organism 
was isolated from the fluid of only one patient." 
Thus results of this study suggest that mycoplasmas 
do not play a significant role in the vast majority of 
cases of acute otit:s media. Some cases of respiratory 
infection due to M pneumoniae are accompanied by 
inflammation of the tympanic membrane, either 
alone or in association with middle ear effusion. 


Chlamydia. Chlamydia trachomatis causes a 
mild but prolonged pneumonitis in young infants. 
This organism has been isolated from riddle ear 
fluids of some infants with pneumonitis.'? Dawson 
and colleagues isolated C trachomatis from the mid- 
dle ear fluid of a patient with inclusion cell con- 
junctivitis’? and produced otitis in adults ex- 
perimentally infected with the organism by the ocu- 
lar route.”° These studies suggest a signif cant role 
for C trachomatis as a cause of otitis mecia. 


MICROBIOLOGY OF CHRONIC OTITIS MEDIA 


The results of recent studies of the bacteriology of 
chronic otitis media with effusion suggest that the 
middle ear fluids of asymptomatic chiltren with 
persistent effusion harbor bacterial patlogens. At 
the time of myringotomy or the placement of tym- 
panostomy tubes, cultures of middle ea- fluid re- 
vealed bacteria in about half of the children; S 
pneumoniae, H influenzae, and group A Strepto- 
coccus were isolated from 10 to 20% of these 
asymptomatic children. There were only minimal 
differences in the rates of isolation of bac-eria from 
serous, mucoid, or purulent fluids.?!-?? The signifi- 
cance of this finding is, at present, uncertain. The 
bacteria may colonize the persistent fluid without 
producing pathologic changes, or the organisms 
may be responsible for a low-grade or subclinical 
infection that may be a factor in the development 
and persistence of the middle ear fluid. 


MICROBIOLOGIC DIAGNOSIS 


The correlation between bacterial cultures of the 
nasopharynx and the oropharynx and cultures of 
middle ear fluids is poor. Thus, cultures ef the up- 
per respiratory tract are of limited value m specific 
bacteriologic diagnosis of otitis media. In contrast, 
the consistent results of microbiologic studies of 
middle ear fluid of children with acute ot tis media 
provide an accurate guide to the most likely patho- 
gens. If the patient is toxic or has a localized infec- 
tion elsewhere, culture of the blood and of the focus 
of infection should be performed. 


Needle aspiration of middle ear effusion of pa- 
tients with acute otitis media provides immediate 
and specific information about bacterial pathogens 
and should be considered in the following circum- 
stances: if the patient is critically ill when `rst seen, 
if the patient fails to respond appropriately to initial 
therapy for acute otitis media, or if the patient has 
altered host defenses. The latter group inchides the 
newborn infant and the patient with malignancy or 
immunologic disease since these patients may be in- 
fected with unusual agents. 


MANAGEMENT OF ACUTE OTITIS MEDIA 


In Vitro Activity of Antimicrobial Agents of 
Value in Otitis Media. The antimicrobial agent 
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TABLE 3. CONCENTRATION OF ORALLY ADMINISTERED 
ANTIMICROBIAL AGENTS IN SERUM AND MIDD_E EAR 
FLUIDS OF CHILDREN WITH ACUTE OTITIS MEDIA 


Concentration 
Dosage (ug/ml)* Ref- 
Agent (mg/kg) Sf MEF} MEFS erence 
Penicillin V 13.0 8.1 1.8 0.22 26 
Ampicillin 10.0 43 12 025 27 
Amoxicillin 10.0 48 22 0.46 28 


Erythromycin estolate 7.5 3.9 1.3 0.33 28 


Sulfonamide 
(trisulfapyrimidine) 30.0 13.4 8.3 0.62 28 


*Measured at 0.5-2 hours after administration. 
tSerum. 


{ Middle ear fluid. 


prescribed for the patient with otitis media must be 
active against S pneumoniae and H influenzae. The 
penicillins, cephalosporins, erythromycin, clinda- 
mycin, and trimethoprim-sulfamethoxazole (TMP- 
SMZ) are effective against S pneumoniae. Only the 
aminoglycosides are relatively ineffective against 
this organism. Ampicillin, amoxicillin, car »enicil- 
lin, ticarcillin, TMP-SMZ, chloramphenieel, and 
the aminoglycosides are active against H infewenzae 
but relatively high concentrations of penicillin V, 
the penicillinase-resistant penicillins, cephalothin, 
erythromycin, and clindamycin are requirec for in- 
hibition of this organism. Penicillin G is mterme- 
diate in activity between ampicillin and penicillin 
V and may be sufficiently active against H influen- 
zae to be efficacious for therapy of otitis media due 
to some strains of this species. 


Recent reports of multiresistant strains of 5 pneu- 
moniae in South Africa”* and of the isolation of a 
penicillin G-resistant strain of type 14 in Minneso- 
ta?> suggest the possibility of a major chang= in the 
pattern of antimicrobial susceptibility of S pneu- 
moniae. The South African strains are remarkable 
in being not only significantly resistant to penicillin 
G but also resistant to most of the other antimicro- 
bial agents considered as alternatives includ ng ery- 
thromycin, tetracycline, clindamycin, anc TMP- 
SMZ. These strains have a minimal inhibitory con- 
centration (MIC) of =>4 ug/ml, which is far greater 
than the usual MIC of 0.005 to 0.05 pg/ml. Of equal 
importance has been the identification of strains in- 
termediate in susceptibility to penicillin G with 
MICs of 0.1 to 1.0 ng/ml. 


We studied 173 strains of S pneumoniae obtained 
from middle ear fluids and nasopharyngeal secre- 
tions of children with acute otitis media during the 
period 1975-1980; three had MICs of 0.1-0.4 ug/ml, 
but all the others were more susceptible to penicillin 
G. Thus, at present, the highly resistan? strains 
noted in South Africa have not been identified in 
Boston, and the strains of intermediate susceptibili- 
ty are of low incidence in that location. 


Strains of H influenzae resistant to ampicillin 
were first isolated in 1973. At present, appreximate- 


ly 15% of nontypable strains of H influenzae iso- 
lated rom the middle ear fluid of children with oti- 
tis media in our clinic are resistant to ampicillin 
(Teele DW, Norton C, Klein JO, unpublished data). 
A sim lar incidence was noted by investigators in 
Pittsturgh but in Washington, D.C., approximate- 
ly 30% of strains of H influenzae isolated from MEF 
of seExted children were ampicillin-resistant (Fig. 
1). R&Sistance to ampicillin is attributable to pro- 
ductim of a penicillinase that hydrolyzes am- 
picill a, amoxicillin, penicillin G and V, and, to a 
lesser extent, carbenicillin. Sulfonamides, TMP- 
SMZ. and the new cephalosporins, cefamandole 
and eefoxitin (both administered parenterally) and 
cefac_ ər (administered orally) are effective in vitro 
agair these strains of ampicillin-resistant, non- 
typake H influenzae. 


Di-usion of Antimicrobial Agents into Middle 
Ear *uids. Although studies of concentrations of 
variœs drugs in serum and middle ear fluid (Table 
3) used different dosage schedules, times of collec- 
tion, -nd methods of assay, the results all indicate 
that most antimicrobial agents of value for treat- 
ment of acute otitis media achieve significant con- 
centrtions in middle ear fluid.**-?? Penicillin G and 
V prxiuce concentrations in middle ear fluid that 
are LS to 22% of levels in serum. Approximately 
half e the concentration in serum is present in mid- 
dle ea fluid after oral administration of ampicillin, 
amozzillin, erythromycin, and sulfonamides. Con- 
centrctions of ampicillin in middle ear fluid of pa- 
tient with serous otitis media are lower than con- 
centretions in fluid of patients with acute disease, 
but >ncentrations of amoxicillin are similar in 
acute suppurative and serous effusions. Thus, usual 
dosasx= schedules of penicillins and erythromycin 
prod =e concentrations of antimicrobial activity in 
midce ear fluid that are sufficient to inhibit S 
pnewraoniae, but concentrations in middle ear fluid 
prod =ed by intramuscular administration of ben- 
zathae penicillin G, penicillin V, and erythro- 
mycé& are not adequate to inhibit most strains of H 
influ=nzae. 


TFe “In Vivo Sensitivity Test.” Drs. Virgil Howie 
and john Ploussard, pediatricians in practice in 
Hun eville, Alabama, have contributed significant 
infomation about the epidemiology, diagnosis, and 
management of otitis media (Table 4). The “in vivo 
sensi vity test” is one of their most valuable 
studzs.°° The middle ear fluid of children with 
acute otitis media was aspirated and cultured be- 
fore ~>mmencement of therapy with antimicrobial 
ageres. All drugs were prescribed in their usual 
dosa= schedules, and patients were advised to re- 
turn & two to five days. If fluid was still present at 
the s=ond visit, a culture of the fluid was again ob- 
tainee. The results of these studies are consistent 
with -esults expected on the basis of data from in 
vitrc studies and achievable concentrations of drug 
in middle ear fluid (Table 3). Penicillins G and V, 
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TABLE 4. RESULTS OF ANTIMICROBIAL THERAPY IN 
OTITIS MEDIA: THE “IN VIVO SENSITIVITY TEST”” 
E 


No. of Patients with Organism 
Recovered */No. of Patients 
with Bacterial OM 


Drug S Pneumoniae H Influenzae 


Phenoxymethyl penicillin 0/2 7/7 
Phenoxymethyl penicillin with 

sulfonamides 0/17 2/6 
Ampicillin 1/20 0/17 
Benzathine, procaine, aqueous 

penicillin aeae ar) 1/9 7/7 
Erythromycin ethyl succinate 1/15 17/20 
Erythromycin ethyl succinate — 

triple sulfonamide-suspension 3/8 2/7 
Triple sulfonamide suspension 8/18 3/8 


“Two to 10 days after beginning therapy. 


benzathine penicillin G (administered intramuscu- 
larly as a single dose), and erythromycin were all 
successful in eradicating S pneumoniae from middle 
ear fluid. Sulfonamides and tetracyclines did not 
sterilize middle ear fluid infected with S pneumo- 
niae. H influenzae was eradicated by ampicillin but 
not by penicillin V, intramuscular benzathine 
penicillin G, or erythromycin. None of the strains of 
H influenzae possessed B-lactamase activity. The 
high MIC of penicillin V for H influenzae and the 
relatively low concentrations of benzathine penicil- 
lin G achieved in serum (and by extrapolation in 
middle ear fluid) probably explain the failure of 
these two penicillins to eradicate H influenzae from 
middle ear fluid. An oral form of penicillin G was 
not studied. 


New Antimicrobial Agents. Although few data 
are available regarding the efficacy of the new an- 
timicrobial agents TMP-SMZ and cefaclor, both ap- 
pear to be effeetive in treatment of acute otitis 
media. Both agents have a spectrum of activity that 
includes the major pathogens responsible for otitis 
media, ie, S pneumoniae and H influenzae (in- 
cluding both 6-lactamase-negative and -positive 
strains). 


There is a paucity of published information on 
the clinical efficacy of TMP-SMZ for middle ear in- 
fection. In a randomized trial in which TMP-SMZ 
was compared with ampicillin, Shurin and col- 
leagues*' treated 132 children with acute otitis 
media. The antibacterial efficacy of the drugs was 
assessed from results of cultures of middle ear aspir- 
ates obtained during or after therapy. The number 
of microbiologie failures (including persistent, 
recurrent, and new infections of the middle ear) 
was similar for both groups. The drug regimens 
were well accepted by the patients and were not as- 
sociated with significant side effects. Schwartz and 
colleagues evaluated TMP-SMZ for otitis media and 
found that the combination was effective against 
strains due to ampicillin-resistant H influenzae; 
resolution of the infection occurred promptly after 
therapy with TMP-SMZ.* These data indicate that 
TMP-SMZ is an effective alternative to ampicillin 


for initial treatment of acute otitis media and may 
be recommended when the presence of ampicillin- 
resistant strains of H influenzae is known or 
suspected. TMP-SMZ is also useful for patients who 
are allergic to penicillins. The combination can be 
given twice daily as compared with three times per 
day for amoxicillin and four times per day for ampi- 
cillin. However, TMP-SMZ would not be expected 
to be effective for otitis media due to group A Strep- 
tococcus since the combination drug is, like other 
sulfonamides, inadequate for treatment of strepto- 
coccal tonsillopharyngitis. 


Cefaclor, an orally administered cephalosporin 
with stability to B-lactamases, was introduced in 
1979. Until that time oral cephalosporins, including 
cephalexin and cephradine, had poor activity 
against most strains of H influenzae and only 
limited effectiveness in therapy of acute otitis 
media. Nelson and colleagues found tha: cefaclor 
was similar in efficacy for treatment of acute otitis 
media to amoxicillin or a combination of a sulfon- 
amide plus erythromycin or penicillin B.” 


Recommendations for Initial Choice of Antimi- 
crobial Therapy for Patients with Acute Otitis Med- 
ia. Amoxicillin or ampicillin are the currently pre- 
ferred drugs for initial treatment of otitis media 
since they are active both in vitro and in vivo 
against S pneumoniae and H influenzae. Other reg- 
imens that are satisfactory include combinations of 
a sulfonamide with benzathine penicillin G (admin- 
istered by the intramuscular route as a single injec- 
tion) and with oral penicillin G or V, erythromycin, 
TMP-SMZ, and cefaclor. For the child who is aller- 
gic to penicillins, cefaclor or erythromycin com- 
bined with a sulfonamide or TMP-SMZ provides 
equivalent antimicrobial coverage. 


With appropriate antimicrobial therapy, most 
children with acute bacterial otitis media are signif- 
icantly improved within 48 to 72 hours. The physi- 
cian should be in contact with the patient (or the 
patient’s parents) to ascertain that improvement has 
occurred. If the patient remains toxic or his/her 
condition worsens, he/she must be re-evaluated and 
a change in antimicrobial therapy, myringotomy 
for drainage, or needle aspiration for diagnosis 
should be considered. 


The current incidence of strains of ampicillin-re- 
sistant H influenzae is low (only 3 to 8% of all cases 
of acute otitis media) and does not require a change 
in these recommendations for initial therapy (Fig. 
1). However, if the patient does not respond to ini- 
tial therapy with ampicillin or amoxicillin, infec- 
tion with a resistant strain of H influenzae should be 
considered. If the patient is not toxic, a change in 
therapy to include a sulfonamide, TMP-SMZ, or 
cefaclor is appropriate. 


The bacteriology of middle ear infections in 
children who have recurrent episodes of acute otitis 


MICROBIOLOGY AND ANTIMICROBIAL TREATMENT OF OM 35 


media is similar to that found in first episodes; the 
predominant pathogens are S pneumoniae (though 
of different serotypes) and nontypable strains of H 
influenzae. Thus, the child with a recurrent episode 
of otitis media should be treated initially w:th the 
same antimicrobial regimens as the child with a 
first episode of middle ear infection. 


MANAGEMENT OF CHRONIC OTITIS MEDIA 


The term chronic otitis media includes recurrent 
episodes of acute infection and prolonged efusion 
of the middle ear resulting from acute infection. 
For prevention of recurrent episodes of acute otitis 
media, management should include consideration 
of chemoprophylaxis (use of antimicrobial agents 
for prolonged periods) or immunoprophylaxis (use 
of pneumococcal vaccine). For management cf per- 
sistent middle ear effusions, four methods are con- 
sidered: myringotomy, adenoidectomy, placement 
of tympanostomy tubes, and use of steroids. Al- 
though there is evidence for the support af each 
method for management of chronic otitis media, 
the data are incomplete. Management of chronic 
otitis media is a subject of current interest in many 
centers in the United States, Canada, Western 
Europe, and Japan and new information is expected 
to clarify some of the unresolved issues. 


Management of Recurrent Episodes of Acute Oti- 
tis Media by Chemoprophylaxis. Recent studies of 
children in Alaskan Eskimo villages** amd in 
Rochester, New York,’ suggest that chemopro- 
phylaxis may be of value in prevention of acute ill- 
ness in children who have suffered from recurrences 
of middle ear infections. Eskimo children treated 
with a course of ampicillin (four times daily for ten 
days) had a smaller number of episodes of otorrhea 
as compared with controls. The children m the 
Rochester study were enrolled in a randomized, 
double-blind control trial in which sulfisczazole 
and a placebo were used. After three months, chil- 
dren who received the antimicrobial agent had sig- 


nifican ly fewer episodes of otitis media than did 
childrea who received the placebo. The groups 
were switched for the following three months, and 
the results again indicated efficacy of sulfisoxazole 
in prewention of new clinical episodes. Although 
these cata are persuasive, there are significant 
limitatons in the design of each study, including 
failure to evaluate persistence of middle ear effu- 
sion. 


The currently licensed pneumococcal vaccine 
contairs purified polysaccharide antigens of 14 
types. Although 85 immunologically distinct cap- 
sular tepes of pneumococci are known, the strains 
incorpcrated into the vaccine have been responsible 
for moze than 85% of cases of otitis media. Studies 
in chilcren have indicated that, as with the polysac- 
charice vaccines prepared from capsular materials 
of H irfluenzae type B and Neisseria meningitidis 
groups A and C, children younger than 2 years ex- 
hibit icw and irregular serologic responses to the 


vaccine. Children over 2 years respond satis- 
factoriby. 


Preli ninary results of three studies of use of pneu- 
mococcal vaccine for prevention of recurrences of 
otitis media in children have been presented.” 
Studies of Boston, Massachusetts, and Huntsville, 
Alabama, children used an octavalent vaccine 
wheres study of children in Oulu and Tampere, 
Finlanc, used the available 14 type vaccine. Some 
of the _ntigens were better immunogens and more 
likely t> be associated with protection than others. 
Each sudy showed some protection against pneu- 
mococcaal otitis due to types present in the vaccine. 
The ov=rall effect on experience with otitis media 
was næ different in vaccinees and controls in the 
American studies whereas a protective effect of 
about 50% was apparent in the Finnish study. 
Based n these data, no firm recommendation for 
use of tne vaccine to prevent otitis media in children 
can be made. Further studies are in progress that 
will deine the value of the vaccine for prevention of 
pneum dcoccal otitis media. 
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PHARMACOLOGY OF ORAL ANTIBIOTICS USED FOR TREATMENT 
OF OTITIS MEDIA AND TONSILLOPHARYNGITIS IN 
INFANTS AND CHILDREN 
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Data are presented from pharmacologic evaluatiens of major oral antibotics used in treatment of acute otitis media and ton- 
sillopharyngitis in children. Information is included on seram and middle ear pecimens obtained almost simultaneously following ad- 
ministration of many of these antibiotics. Discussion covers ampicillin and =noxicillin, penicillin G and V, erythromycin estolate, 
erythromycin ethylsuccinate and the orally administered cephalosporins. 


Acute otitis media is not only one of the more fre- 
quent but, undoubtedly, one of the more perplexing 
of the infectious conditions that affects infants and 
young children. Depending on the season of the 
year, it accounts for between 10 and 25% of all 
visits to a pediatrician’s office (Ginsburg CM, 
Kramer RI, unpublished data). In general pediatric 
practice, only well baby visits and URIs are seen 
with greater frequency. Although the true inci- 
dence of this condition is not known, recent studies 
indicate that anywhere from 40 to 60% of children 
will have experienced at least one episode of acute 
otitis media by their first birthday.' With few ex- 
ceptions, the majority of children with acute otitis 
media receive at least one and, occasionally, two or 
three oral antimicrobial agents. 


Despite the widespread use of these agents there 
is a paucity of information on the pharmacology of 
these drugs in infants and young children, particu- 
larly with regard to their ability to achieve concen- 
trations at the local site of infection, the middle ear. 
Additionally, it is important to remember that in 
the majority of instances we are administerinz these 
drugs, in the form of suspensions, to infamts and 
young children. Despite the pharmaceutical indus- 
try’s efforts to produce formulations which are pal- 
atable, it is sometimes not possible to get little 
Johnny or Susie to take his or her medication. Par- 
ents frequently resort to disguising the various oral 
preparations in milk, formula, or other foed sub- 
stances. This practice is far more common than we 
would like to believe, and occurs regardless of the 
physician’s advice concerning proper administra- 
tion. It is extremely important, therefore, to con- 
sider whether these vehicles will effect the absorp- 
tion of the antibiotic which you have prescribed. 


During the past four years, my coauthors, George 
McCracken and John Nelson, and I have performed 


pharraacologic evaluations in infants and young 
childrsn with the majority of the oral antibiotics 
used for the treatment of acute otitis media and ton- 
sillopharyngitis in children. We have also obtained 
almos simultaneous serum and middle ear speci- 
mens ~om other children after single and multiple 
doses x many of these antibiotics. These data, some 
of which have been published previously, serve as 
the besis for this communication.?~* 


AMPICE.LIN AND AMOXICILLIN 


Figare 1 shows serum concentration-time curves 
for arpicillin and amoxicillin after administration 
orally =o infants in dosages of 25 and 15 mg/kg, 
respectively. These curves provide a means for com- 
paring bioavailability, or the amount of adminis- 
tered «rug which enters the systemic circulation. 
Mean peak serum concentrations of 4.1 to 5.0 ng/ml 
were served one hour after administration of am- 
picilli Infant formula did not adversely effect the 
absorzeion of ampicillin. Although the peak level is 
slight» blunted, there are no substantial differences 
when he drug is administered with milk or for- 
mula. The drug was present in the serum of all pa- 


tients at six hours; the mean concentrations were 
0.2 ta J.3 pg/ml. 


Als» shown in Figure 1 are serum concentration- 
time cerves for amoxicillin (15 mg/kg dose). It is im- 
portaae to remember that although the antimicro- 
bial spectrum for amoxicillin is virtually identical to 
that » ampicillin, they are different drugs. In 
adver- sements it is stated that the major advantage 
of an=-xicillin over ampicillin is that the former is 
more eompletely absorbed after oral administra- 
tion; -aerefore, you need to administer less of the 
drug œ achieve serum levels comparable to those of 
ampicilin. Additionally, diarrhea is less frequent 
followmg amoxicillin than ampicillin. After 15 
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Fig. 1. Serum concentration-time curves for ampicillin (25 mg/kg) and amoxicillin (15 mg/kg) in infants and children. 


mg/kg doses, amoxicillin is well absorbed and levels 
with this dose are comparable to those achieved 
with a 25 mg/kg dose of ampicillin. Like ampicillin, 
amoxicillin seram. concentrations are substantially 
greater than the minimum inhibitory concentra- 
tions (MIC) for group A Streptococcus, Streptococ- 
cus pneumoniae and, in most instances, are in ex- 
cess of those recuired to eradicate most non-6- 
lactamase-producing strains of Hemophilus influen- 
zae. 


How well does this drug get into middle ear 
fluid? There is very little information available to 
answer this question. For example, in one study 
middle ear concertrations of amoxicillin were mea- 
sured in patients who were undergoing myringot- 
omy for chronic middle ear effusions.’ The concen- 
trations in the middle ear were large but so was the 
dose of medication: 1 g. If prescribed on a weight 
basis this would be the dose for a patient weighing 
66 pounds, obviously, a very large infant! 


Serum and middle ear fluid concentrations from 
12 infants who received 15 mg/kg doses of amoxicil- 
lin for acute otitis media are shown in Figure 2. All 
serum samples and approximately 60% of middle 
ear fluid specimens contained concentrations of 
drug in excess øf the MIC for 90% of ampicillin- 
susceptible strains of H influenzae. Additionally, 
the concentratiens in both body fluids were far in 
excess of the MICs for group A Streptococcus and 
strains of S pneumoniae. 


PENICILLIN G AND PENICILLIN V 


Penicillin G and penicillin V are the two penicil- 
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lin preparations most frequently prescribed for in- 
fants and young children. Penicillin G has been 
available for years but it has been said that its ab- 
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Fig. 2. Concentrations of amoxicillin in serum and mid- 
dle ear fluid from children with acute otitis media after 15 
mg'kg doses of amoxicillin. 
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Fig. 3. Serum concentration-time curves for penicillin G (8 mg/kg) amc penicillin V (8 mg/kg) in infants and children. 


sorption from the gastrointestinal tract was unre- 
liable and, therefore the drug would not be as ef- 
ficacious as the more reliably absorbed penicillin V. 
At one time, a major advantage of penicillin G was 
its lower cost, but this is no longer true. The cost is 
comparable for the liquid formulations of both 
drugs. 


Serum concentration-time curves for penicillin G 
and penicillin V in infants and children are shown 
in Figure 3. Both drugs were administered in an 8 
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F ig. 4. Concentrations of penicillin in serum and middle 
ear fluid from children with acute otitis media atter 8 
mg/kg doses of penicillin V. 


mg/kg or 12,500 units/kg dosage. The serum levels 
after penicillin V were approximately twice those 
obtained after penicillin G. Although this is not sur- 
prising it should be pointed out that only mean 
values ~re displayed and that the scatter around the 
mean was similar for both drugs. In other words, 
there were poor absorbers in each group of 
childrea, not only in those who received penicillin 
G. Adcitionally, the absorption of both drugs was 
decrea=d approximately 50% when administered 
with mailk or infant formula. 


Figu-e 4 shows simultaneous serum and middle 
ear flmd concentrations of penicillin in patients 
with eoute otitis media who received 8 mg/kg doses 
of periillin V. During the first 2'/, hours after ad- 
ministration, all serum and 14 of 16 middle ear 
fluid specimens (87% ) contained concentrations of 
peniciidn that would be inhibitory for S pneu- 
moniae and group A Streptococcus. By contrast, on- 
ly 20% of middle ear fluid specimens contained 
concen rations of drug that would inhibit approx- 
imate.» 50% of non-6-lactamase-producing strains 
of H nfluenzae. These data demonstrate why 
penicilin has not been highly efficacious for treat- 
ment ə acute otitis media caused by strains of H in- 
fluenza. 


ERYTHROMYCIN 


Ery:Lromycin has been used for many years for 
treatment of acute otitis media. Serum concentra- 
tion-time curves for erythromycin estolate ad- 
ministered in a 10 mg/kg dose are displayed in 
Figure ». This dosage may be somewhat lower than 
used in clinical practice; more frequently, a dose of 
15 to 2C mg/kg is used. Also shown are the curves for 
erythromycin ethylsuccinate administered in a 15 
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Fig. 5. Serum concentration-time curves for erythromy- 
cin estolate (10 mg/kg) and erythromycin ethylsuccinate 
(15 mg/kg) in infants and children. 


mg/kg dose. Although this dose of the ethylsucci- 
nate was 30% larger than that of the estolate, the 
serum concentrations following the estolate were 
three to five times larger than those following the 


SINGLE DOSE (10mg/kg) 








ethylsuccinate. Additionally, unlike most other an- 
tibiotics, erythromycin ethylsuccinate is better ab- 
sorbed when coadministered with milk. These dif- 
ferences in pharmacology between the two oral ery- 
thromycin esters have been previously noted.°® It is 
important to point out, however, that despite the 
superior bioavailability of the estolate, there are no 
data to indicate that this formulation has superior 
efficacy over the other forms of erythromycin. It is 
unlikely that this controversy will ever be settled. 


What about other body fluids? Serum and tonsil 
concentrations of erythromycin after administra- 
tion of single and multiple doses of erythromycin 
estolate and erythromycin ethylsuccinate are shown 
in Figure 6. Although the concentrations in tonsils 
were larger and more sustained in the patients who 
received estolate, the majority of levels after the 
ethylsuccinate were in the range required to kill 
strains of group A Streptococcus. Furthermore, 
clinical studies have failed to demonstrate superiori- 
ty of one preparation over the other for treatment of 
tonsillopharyngitis caused by group A Streptococ- 
cus.” 


Figure 7 shows serum and middle ear fluid con- 
centrations from patients with acute otitis media 
who received erythromycin ethylsuccinate or ery- 
thromycin estolate. Both drugs achieved concentra- 
tions in serum and middle ear fluid that were in ex- 
cess of the MIC»o for strains of S pneumoniae but 
not for H influenzae. 
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Fig. 6. Serum and tonsil concentrations of erythromycin after erythromycin estolate (10 mg/kg) and erythromycin 


ethylsuccinate (15 mg/kg). 
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Fig. 7. Concentrations of erythromycin in serum and 
middle ear fluid from children with acute otitis media 
after erythromycin estolate (15 mg/kg) and erythromycin 
ethylsuccinate (15 mg/kg). 


What does this mean to the practicing physician? 
For tonsillopharyngitis the answer is fairly simple: 
penicillin is the drug of choice. In the penicillin- 
allergic patient erythromycin is an acceptable alter- 
native. Although pharmacokinetic data suggest that 
the estolate should offer an advantage over the 
ethylsuccinate, this has not been born out in clinical 
studies. One possible exception is that the estelate is 
effective for therapy of group A streptococcal! phar- 
yngitis when administered on a twice daily basis.’ 
This has not been demonstrated for the other ery- 
thromycin formulations. 


What about management of acute otitis media? 
Based on in vitro susceptibility data, pharmaco- 
kinetic data, and on the results of several ther- 
apeutic efficacy studies, erythromycin should not 
be used alone, unless there is evidence that the 
pneumococcus or group A Streptococcus is causing 
the middle ear disease. To obtain optimal coverage 
for H influenzae, erythromycin should be combined 
with a sulfonamide. The pharmacologic justifica- 
tion for this is shown in Figure 8. Serum and middle 
ear concentrations of sulfa were measured in six 
children. Following administration of trisulfapy- 
rimidine (30 mg/kg) serum and middle ear fluid 
were in excess of the MIC for H influenzae, pneu- 
mococcus and Streptococcus pyogenes. These data 
suggest that a sulfonamide alone would be the ideal 
candidate for the treatment of otitis media. How- 
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F& 8. Concentrations of sulfonamide in serum and 
midd= ear fluid from children with acute otitis media 
after 30 mg/kg doses of trisulfapyrimidine. 


ever, E is important to emphasize that the sulfona- 
mides have not proven clinically effective against 
pneumecoccus and strains of group A Streptococ- 
cus. T>e reason for this is unknown. Recently the 
combization of erythromycin ethylsuccinate-sul- 
fasoxazDle in a 1:3 ratio has been marketed and 
shoulc be very useful for initial therapy of acute 
otitis media. 


CEPH Ad OSPORINS 


Unt. relatively recently there has been little in- 
terest ia this class of drugs as first-line agents for 
treatment of respiratory infections in children. The 
basis for this was that, although effective in treating 
infectimms caused by group A Streptococcus and S 
pneum eniae, these agents have inferior in vitro ac- 
tivity against most strains of H influenzae. There- 
fore, ty offer no advantage over penicillin or ery- 
throm >in, and are usually far more expensive. 


The pharmacokinetics of four orally adminis- 
tered cephalosporins (cephalexin, cephradine, cefa- 
clor acd cefadroxil) are compared in Figure 9. 
Cephleslycine is not shown because of its limited 
usefu_mess in pediatric patients. A dose of 15 mg/kg 
was acministered to all infants. Analysis of the 
serum soncentrations-time curves shows that the 
coadnanistration of. infant formula substantially 
reduce the bioavailability of cephalexin and ceph- 
radine ^ut not that of cefadroxil or cefaclor. Addi- 
tional, the half-life of cefadroxil was approx- 
imatel» 30 minutes longer than those of the other 
preparetions. 


Do fese drugs have a place in the otitis media 
treatment armamentarium? Cefadroxil has not yet 
been a roved by the FDA for use in children, but 
when -aarketed for pediatric use, it will not be 
recommended for otitis media. Cephradine has not 
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been studied extensively in this condition, but 
because of its similarity to cephalexin, the two 
drugs can be considered together. There have been 
several studies which have evaluated the efficacy of 
cephalexin for treatment of acute otitis media and, 
with one exception, the drug has not been found to 
be effective in infections caused by H influenzae.*” 
The probable explanation for this is its inability to 
attain concentrations in middle ear fluid that are 
bactericidal for Hemophilus. In one study, a daily 
dosage of 100 mg/kg, two times that routinely rec- 
ommended, was shown to be effective. 


What about cefaclor, the newest of the cephalo- 
sporin derivatives? Cefaclor has substantially 
greater in vitro activity against pneumococci, 
B-lactamase-positive and negative strains of H in- 
fluenzae and certain of the Enterobacteriaciae than 
do cephalexin or cephradine. Its activity against 
Gram-negative-enteric bacilli may be important be- 
cause these organisms cause acute otitis media in 
10-20% of infants who are less than six weeks of 
age. Many of these organisms are resistant to the an- 
timicrobial agents used to treat this condition. 


The concentrations of cefaclor in the middle ear 
fluid of infants and children in relation to the levels 
in serum and saliva are presented in Figure 10. 
Although we did not measure salivary or tear con- 
centrations of cefaclor in the 30- to 120-minute 
period after administration, the levels of drug in 
these body fluids appear to be comparable to those 
collected in middle ear fluid. Approximately 75 % 
of middle ear fluid specimens obtained during the 
first two hours after the dose contained concentra- 


F ig. 9. Serum concentration-time curves and pharmacokinetics for cephalexin, cephradine, cefaclor and cefadroxil after 
g 


tions of cefaclor that were equal to or greater than 
0.63 pg/ml, a concentration that should inhibit all 
pneumococci, group A streptococci, and most 
strains of H influenzae. Although limited, these 
pharmacologic data and the results of clinical ef- 
ficacy studies indicate that cefaclor should be an ef- 
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Fig. 10. Middle ear fluid and salivary concentrations of 
ador from children with acute otitis media after 10 
mg/kg doses of cefaclor. 
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fective agent for initial therapy of acute otitis media 
in infants and young children. 


EPILOGUE 


Although these data provide a pharmacologic ra- 
tionale for the use of the various orally admir istered 
antimicrobials for treatment of otitis mecGia and 


tonsilopharyngitis, it is important to recognize that 
anti=iotics alone are not the sole determinants of ef- 
fective therapy. The epidemiology and characteris- 
tics Æ the various offending pathogens, the child’s 
host defenses, and the presence of underlying ana- 
tomie or functional abnormalities, as well as a num- 
ber cf less well defined factors, are all important. 
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Fifty children aged 1 to 13 years with chronic or recurrent otitis media with effusion received a single dose of cefaclor (15 mg/ kg body 
weight) by the oral route 30 minutes to seven hours before the removal of middle ear effusion and insertion of tympanostomy tubes. Serum 
and middle ear aspirate concentrations of the antibiotic were determined employing a microbiological assay technique by a disk diffusion 
method. Middle ear specimens were also cultured for aerobic bacteria. The mean peak serum concentration level (8.49+ 7.89 yg/ ml) was 
observed after 30 minutes, whereas the middle ear peak level (0.47 + 0.78 ug/ml) occurred after one hour. Of the 87 middle ear specimens, 
37 had cefaclor concentrations which were detectable within the resolution of the bioassay method (> 0.16 g/ml). There was no correla- 
tion between the type of middle ear effusion (mucoid or serous) and the concentration of cefaclor in the middle ear. Only 18% of the mid- 
dle ear cultures were positive for aerobic bacteria; Hemophilus influenzae was the most common organism. 


INTRODUCTION 


Chronic otitis media with effusion (OME) is 
characterized by an accumulation of liquid in the 
middle ear cavity. In contrast to acute OME, bac- 
teria have been considered in the past to be of minor 
importance in the pathogenesis of chronic OME. 
Nevertheless, antibiotics have been used in the 
treatment of this chronic condition, often as the pri- 
mary choice. Ne controlled double-blind clinical 
trials of the efficacy of antibiotics for the manage- 
ment of chronic OME have been reported and ac- 
cording to the few uncontrolled studies published, 
efficacy was not demonstrated.’ Despite these ob- 
servations, bacterial involvement in chronic OME is 
of growing concern, as refined culture techniques 
have shown bacteria to be present in up to 45% of 
ears with a chronic effusion.?“* The significance of 
these findings remains to be demonstrated, but they 
provide a rationale for the clinical use of antibiotics 
prior to surgical intervention. The efficacy of an- 
tibiotics in eliminating chronic middle ear effusions 
(MEE) may be related to the concentration of spe- 
cific antimicrobial agents in the middle ear. Unfor- 
tunately, there are very few studies that have eval- 
uated middle ear concentrations of these agents.°~’ 
This study was part of an evaluation of a new oral 
cephalosporin, cefaclor (Eli Lilly Co., Indianap- 
olis). The object was to determine the kinetics of 
this antibiotic in the blood and MEE after a single 
oral dose administration. 


METHODS 


Fifty children (87 ears) with chronic OME or with recurrent 
OME who had myringotomy and tympanostomy tube insertion 
constituted the study population. The age and sex distribution of 


the subjects are shown in Table 1. Many of the patients had been 
treated previously with decongestants, antihistamines, or antibi- 
otics. Only children who had not received antibiotic treatment 
during the week prior to the surgery were qualified to participate 
in the study. After informed consent was obtained, each child was 
given a single oral dose of cefaclor (15 mg/kg) at intervals from 30 
minutes to seven hours before myringotomy. The drug adminis- 
tration was directly supervised by one of the investigators (TL or 
GM). All children were fasting prior to the administration of the 
antibiotic. 


With the patient under general anesthesia (oxygen. nitrous ox- 
ide, and halothane) applied by oropharyngeal airway and mask, 
the otomicroscope was used to inspect each ear. The ear canal was 
debrided of cerumen and cultured with Calgiswab® (Falton, Ox- 
nard, Calif). The canal was then filled with 70% ethyl alcohol, 
which remained in the external ear for 60 seconds and was then 
removed by aspiration. Tympanocentesis was performed in the 
anterosuperior quadrant using an Alden-Senturia trap with a No. 
18 needle attached. Occasionally a counterincision had to be 
made in the inferior portion of the tympanic membrane in order 
to allow very viscous, mucoid material to be removed by suction. 
If an effusion was not found, nonbacteriostatic, freshly sterilized, 
isotonic saline was introduced into the middle ear with a syringe 
and needle through the tympanocentesis, and aspirated into the 
collection trap. 


Based on the findings at myringotomy, the effusions were clas- 
sified as serous — pale, usually yellow liquid with low viscosity, 
or mucoid — thick, usually gray liquid. No purulent effusions 
were found and some middle ears were dry. After collecting the 
specimen, the needle and trap were rinsed by suctioning 250 yl of 
nonbacteriostatic saline through the system; in some cases, this 
rinsing was necessary in order to obtain a sample of adequate size. 


TABLE 1. AGE AND SEX DISTRIBUTION OF THE STUDY 





POPULATION 
Age (years) 
1-3 4-6 7-9 10-13 Total 
Male 9 8 8 9 28 
Female 3 9 8 3 22 
Total 12 17 16 50 
(87 ears) 
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Fig. 1. Serum and middle ear aspirate concentratibns of 
cefaclor as a function of time after administratiom of a 
single dose of 15 mg/kg. 


A venous blood sample was drawn at the time of the myringot- 
omy, and the serum was separated by centrifugatior without 
adding anticoagulant. 


The serum and middle ear specimens were instantly »laced on 
ice and processed within one to two hours. Concentrations of cef- 
aclor were measured by bioassay using Sarcina lutee (ATCC 
9341). On-the day of the assay, antibiotic assay medium Difco) at 
50 C was mixed with a standardized suspension of the bacteria 
and poured into 150 mm Petri plates. Samples consisting of 20 pl 
of middle ear fluid or cefaclor standards (in phosphate buffer, pH 
4.5) were dropped onto 6 mm cellulose disks which were then 
placed on the inoculated agar. Antibiotic standards were pre- 
pared daily and the inoculated plates were incubated for 16 to 18 
hours at 35 C and the resulting zones of inhibition measured in 
duplicate with a Fisher-Lilly zone reader to the nearest 0.1 mm. 
A standard curve was constructed using the zones of -nhibition 
around each of the reference disks. The concentration of antibi- 
otic in each sample was calculated from the standard curve; con- 
centrations ranging from 0.16 to 20 ng/ml could be measured reli- 
ably. 


Because the myringotomy procedure frequently caused bleed- 
ing, contamination of the middle ear specimen with bleod could 
not always be avoided, and in these cases a correction was made. 
Spectrophotometry measuring the absorption of light of wave- 
length 540 nm was used to determine the concentratiomof hemo- 
globin in the contaminated middle ear specimens. Pror to the 
measurement, each specimen was completely hemolyze 1 employ- 
ing the Unopette system.* The concentration of hemaglobin in 
whole blood was found from standard tables and by comparison 
the concentration of blood in the middle ear spec=zmen was 
calculated. Accordingly, the measured concentration cf cefaclor 
in the blood of the child was used to adjust the concertration in 
the middle ear specimen. 


The culture materials from the external ear canal anc from the 
middle ear effusion were inoculated onto chocolate agar, 5% 
sheep blood agar, MacConkey agar, and Columbia CNA agar 


*Becton-Dickinson, Rutherford, NJ. 


with seep blood, and also onto trypticase soy broth and 
thiogly=+late broth. The plates were placed in a CO, jar and in- 
cubates. For 18 to 48 hours. If there was no growth on agar after 
48 hour: the plates were discarded, but the two broth cultures 
were kept for a total of ten days each. 


RESULTS 


Of the 87 middle ear aspirates, 56 were classified 
as maoid and 19 were serous; the remaining 12 
specimens were obtained from dry middle ears by 
saline washings. Bacterial cultures were performed 
on 82 >f these specimens, where 68 showed no bac- 
terial zrowth in ten days. Of the remaining 15 as- 
pirate, 9 contained Hemophilus influenzae (7 were 
untyp<ble), 3 had Staphylococcus epidermidis, 1 
had Septococcus pyogenes, 1 had Corynebacteria, 
and _ had Pseudomonas. These organisms were 
founc only in the middle ear specimens, thus ex- 
cludiag the contamination possibility due to exter- 
nal ea- canal bacterial flora. 


Th= serum and the middle ear aspirate concen- 
tratiars of cefaclor at the various time intervals 
after fhe administration of the drug are shown in 
Figure 1. The peak serum levels were observed after 
30 maiautes and the peak middle ear levels were 
arourd one hour after the administration of the 
drug. After four hours, there were no detectable 
levels of cefaclor, both in serum and middle ear 
specimens. The middle ear concentration of cefa- 
clor cÈ not seem to depend on the type of effusion. 
There were no apparent differences in concentra- 
tions r mucoid and serous types of effusions, but 
none -f the 12 specimens obtained from dry middle 
ears » saline washings contained detectable drug 
levels. 


Tae 2 shows the mean concentrations of cefa- 
clor iz serum and in middle ear aspirate at different 
time atervals. Overall, 36 of the 41 serum samples 
show=d detectable levels of cefaclor and 37 of the 87 
midde ear specimens had measurable concentra- 
tions =f the drug. No correlation could be found 
between the serum and the middle ear concentra- 
tions when these samples were matched for the in- 
dividal subject. There were 76 specimens of MEE 
whica were obtained from 38 patients with 
bilatezal MEE. Of these bilateral cases, 17 pairs had 
no detectable concentrations for both ears, 15 pairs 
showed very large differences in concentrations be- 
tweer left and right ears, and only 6 pairs had ap- 
proxi aately the same concentration levels for both 
ears, suggesting that penetration of the drug 
throwch the middle ear mucosa was dependent on 
local conditions. 


Im żhis study, 82% of the middle ear cultures 
were sterile for aerobic bacteria, which was signifi- 
cant different from previous findings.** H in- 
fluer-ae was the predominant microorganism 
foune in the nonsterile cultures. The nine middle 
ear secimens with H influenzae had high cefaclor 
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TABLE 2. MEAN CONCENTRATIONS* OF CEFACLOR IN SERUM AND IN MIDDLE EAR ASPIRATE AFTER A SINGLE 





DOSE (15 mg/k 
Time after administration (hours) 
JA 1%, 2 2"), 3 31, >4 Total 
Serum x 8.49 7.95 3 3.69 1.36 ' 1.31 0 
ST, 7.89 5.02 à 2.85 0.62 : 1.45 i 
+ 7 10 2 9 5 0 3 0 36 
N 8 ll 2 9 5 l 3 2 4] 
Middle ear xX 0.36 0.47 0.28 0.18 0.18 ; 0.10 0 
S.D. 0.51 0.78 0.35 0.36 0.20 5 0.14 i 
$ 8 12 4 6 5 0 2 0 37 
N 16 22 7 16 10 2 5 9 87 


* Concentrations in ng ml. 
+ Number cf specimens with detectable levels of cefaclor. 


concentrations (1.13+ 1.04 pg/ml). Of interest is 
that the top five highest cefaclor concentrations 
were measured in middle ear specimens which had 
this bacteria, evidencing a better mucosal penetra- 
tion of the antibiotic in such cases. 


DISCUSSION 


Contamination of middle ear specimens with 
blood and dilution of the specimens with saline 
were the two methodological problems encountered 
during this study. The measured concentrations of 
cefaclor in such samples were corrected according 
to the volume ratic of blood and saline to middle 
ear aspirate. But in several cases, the accurate 
determination of the middle ear aspirate volume 
was almost impossible because of the high viscosity 
and the small volume (around 100 pl). When saline 
dilution was required, always a standard volume of 
250 ul was added on the sample. In some cases, this 
would amount to more than two-fold dilution possi- 
bly rendering the concentration of the drug in the 
specimen below the sensitivity of the bioassay meth- 
od. The viscous mucoid aspirates presented a con- 
siderable difficulty during pipette use to spot 20 pl 
samples onto diffusion disks. Such specimens were 
processed by dipping the disks in the aspirate and 
estimating the volume from the dry and wet weight 
of the disk. Consequently, the measurement of the 
concentration of cefaclor in the middle ear employ- 
ing this technique may not be an accurate assess- 
ment. 


Penetration of different antibiotics into chronic 
MEE were reported only in a few previous stud- 
ies.°-° Silverstein et al5, Lahikainen® and Lahi- 


kainen et al’ found small amounts of antibiotics 
(penicillin, oxytetracycline, azidocillin, and ampi- 
cillin) in the middle ear after a single dose adminis- 
tration. They contrasted these findings with the 
concentration levels of antibiotics in acute MEE 
which were also included in their studies. In the ab- 
sence of an acute inflammatory process, antibiotic 
concentrations were generally very low, and unlike 
the acute cases, the middle ear levels did not cor- 
relate with the serum concentrations. In Lahikai- 
nen’s study‘ of chronic MEE penicillin concentra- 
tions, 9 of the 22 specimens (41%) had detectable 
levels of the antibiotic, which is similar to the find- 
ings of the present study of cefaclor (42.5%). Four- 
fold standard single oral dose? and multiple dose’? 
studies of antibiotic penetration into chronic effu- 
sions showed high levels of concentration, and ser- 
um levels were correlated with middle ear levels. 


In a recent study, Ginsburg and coworkers!’ mea- 
sured the concentrations of cefaclor in the MEE of 
infants and young children with acute otitis media. 
They reported that approximately 75% of middle 
ear specimens collected in the first two hours after a 
10 mg/kg dose contained more than 0.63 pg/ml of 
cefaclor. In the present study, six of the nine middle 
ear specimens from which H influenzae was cul- 
tured contained more than 0.5 pg/ml of cefaclor. 


The clinical implications of the pharmacokinetics 
and microbiological findings of this study remain to 
be shown. However, it is significant that cefaclor 
can penetrate rapidly into the MEE. The efficacy of 
cefaclor in the treatment of chronic OME can only 
be established following a controlled double-blind 
clinical trial. 


Dr. Lildholdt is at present at the Odense University Hospital, DK 5000 Odense C, Denmark. Dr. Marshak is at Kaplan Hospital, Rehovot, Israel. 
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A double-blind randomized clinical trial was conducted comparing cefaclor and amoxicillin for the treatment of acute otitis media 
with effusion in 110 children (150 ears). Each child underwent unilateral or bilateral tympanocentesis and then randomly received a 
14-day course of either amoxicillin or cefaclor. Of 57 children in the cefaclor group, only 3 children (5.3%) had persistent or recurrent 
symptoms during the 14-day course of treatment, as compared to 5 of 53 children (9.4% ) in the amoxicillin group, but this diffrence is not 
significant. After completion of the 14 days of therapy, 45 of 76 ears (59.2%) of the children in the cefaclor group were effusion-free, as 
compared to only 28 of 64 ears (43.7%) of the children in the amoxicillin group. When adjusted for age and race, this difference is 
statistically significant (p = .03). However, the difference between the effect of the two antimicrobials is not statistically significant in 
children. Cefaclor is a reasonable choice for antimicrobial therapy for acute otitis media with effusion, and from these study findings, it ap- 
pears that cefaclor may be more effective than amoxicillin in resolving the middle ear effusion at the completion of 14-day therapy. 


INTRODUCTION 


Otitis media with effusion (OME) is one of the 
most common infectious diseases of infants and chil- 
dren. In fact, OME was the most frequent illness re- 
ported in a survey of office visits to pediatricians.’ 


Rational therapy for acute OME depends upon 
the physician having some knowledge of the bacter- 
ia that have been isolated from middle ear effu- 
sions. In a review of the literature Bluestone and 
Shurin? found that Streptococcus pneumoniae has 
been cultured from about 50% of effusions and is 
the most common causative agent in all age groups. 
Hemophilus influenzae causes approximately 20% 
of cases, while B-hemolytic Streptococcus pyogenes 
causes less than 5% , and Staphylococcus aureus has 
been isolated from only a small percentage of cases. 
Branhamella catarrhalis, isolated in from 1 to 8% 
of cases, has been considered by some to be a patho- 
gen.?* In about 25% of cases, the effusion is sterile. 


The clinician is rarely certain of the causative or- 
ganism before initiating therapy for acute OME. 
Therefore, ampicillin (or its analog, amoxicillin) 
has been the single most popular drug since it usual- 
ly is effective against the three most commonly en- 
countered bacteria, S pneumoniae, H influenzae, 
and S pyogenes. However, an increasing incidence 
of acute OME due to ampicillin-resistant strains of 
H influenzae has been reported. Schwartz et ali 
found that at least 8% of all cases of acute OME in 
the Washington DC area were caused by ampicil- 
lin-resistant strains of H influenzae. The combined 
problem of the increasing incidence of ampicillin- 
resistant H influenzae cases and the ineffectiveness 


of ampicillin against the occasional S aureus cases 
has led to the search for a more effective antimicro- 
bial agent, primarily among the cephaosporins. 
When cephalexin monohydrate was tested for ear 
disease, it was found to be relatively iaeffective 
against H influenzae.°’ 


Cefaclor, however, appears to be effective in the 
management of acute OME. In vitro studies have 
shown H influenzae to be more sensitive te cefaclor 
than to the older cephalosporins.* With the increas- 
ing development of resistance of H influenzae and S 
pneumoniae to the penicillins, cefaclor could in- 
creasingly become useful in the treatment of acute 
OME. It would be more advantageous than tri- 
methoprim-sulfamethoxazole, which may aot be ef- 
ficacious when S pyogenes is the etiologic agent.’ 


In an attempt to determine the efficacy of cefa- 
clor in treating infants and children who have acute 
symptomatic OME, a double-blind, randomzed, clin- 
ical trial of cefaclor compared with amoxicillin has 
been conducted at Children’s Hospital of Pitts- 
burgh. 


METHODS 


Children who were between 7 months and 16 years of age 
and who were suspected of having acute OME by the house staff 
in the ambulatory care facilities were evaluated by pneumatic 
otoscopy and tympanometry. Otoscopic criteria for the diagnosis 
of acute OME were the presence of erythema, white opacification 
(other than scarring), or both, of the tympanic membrane, ac- 
companied by fullness or bulging and impaired mobility of the 
membrane. At least one of the associated symptoms of acute 
OME, such as otalgia or irritability or fever, was also present. 


Subjects were excluded from the study for any of the following 
reasons: 1) underlying serious disease, 2) concomitant infection 


From the Department oê Otolaryngology, University of Pittsburgh School of Medicine and Children’s Hospital of Pittsburgh, and the University of Pitts- 
burgh Graduate Scheol of Public Health. This study was supported in part by a grant from Eli Lilly and Company, Indianapolis. 


REPRINTS — Ellen M. Mandel, MD, Department of Otolaryngology, Children’s Hospital of Pittsburgh, 125 DeSoto Street, Pittsburgh, FA 15213. 
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TABLE 1. POPULATION CHARACTERISTICS 


Cefaclor 
Children ar 

Total with acute OME 57 78 
Age of patients 

7-23 mo 18 o 25 (32.1) 

2- 5 yr 28 (49.1 40 (51 3) 

6-12 yr 10 an 12 (18.4) 

13-16 yr 1 ( 1.8) 1 ¢ L3) 
Sex 

Male 31 (54.4) 

Female 26 (45.6) 
Race 

Black 27 (47.4) 

White 30 (52.6) 
Laterality of disease 

Unilateral 36 (63.2) 

Bilateral 21 (36.8) 


Numbers in parentheses indicate percentage. 


that might interfere with evaluation of drug efficacy, 3 vomiting 
which might preclude the use of oral medications, +) need for 
concurrent use of a second systemic antimicrobial agent, 5) 
known allergy to the cephalosporins or penicillins, 6 prior ton- 
sillectomy or adenoidectomy or both, 7) medical concitions with 
a predisposition for OME (eg, cleft palate, Down’s syndrome). 
Previously unsuccessful antimicrobial therapy (other than with 
amoxicillin or cefaclor) did not exclude the patient from the 
study. If the clinical history and results of the otoscopæ examina- 
tion qualified the child for the study, the details of thestudy were 
described to the child’s parents and informed written consent for 
the child to participate in the study was obtained. 


Method of Tympanocentesis. All children with unilateral acute 
OME underwent a diagnostic tympanocentesis. These subjects 
with bilateral acute OME were randomly assigned to have either 
a unilateral or a bilateral middle ear aspiration at thephysician’s 
discretion. 


Tympanocentesis was performed in most children veithout gen- 
eral anesthesia or sedation. With the aid of an otomitroscope or 
an otoscope with an operating head, the external aucitory canal 
was debrided of cerumen and then a culture of the external canal 
was obtained with a Calgiswab®* which had been moistened 
with trypticase soy broth. The canal was then filled with a 70% 
alcohol solution for one minute,"® after which the alcohol was 
removed by aspiration. Using an Alden-Senturia trap? with a No. 
18 needle attached, a tympanocentesis was performes in the in- 
ferior portion of the tympanic membrane. Care was teken not to 
close the suction hole in the trap before entering the middle ear. 
No attempt was made to aspirate any more effusion than was nec- 
essary for microbiological assessment. If no effusion was aspi- 


rated, the child was excluded from the trial. 


Following tympanocentesis, the middle ear aspirate in the col- 
lection trap was removed with a sterile cotton swab and placed in 
the trypticase soy broth. 


Bacteriologic Methods. Each of the external and middle ear 
swabs was inoculated onto chocolate agar, 5% sheep >lood agar, 
Columbia CNA agar, and MacConkey’s agar, and als into tryp- 
ticase soy broth and thioglycolate broth. The plates were incu- 
bated in a CO, incubator for 18 to 48 hours. If there was no 
growth on agar after 48 hours the plates were discarced, but the 
two broth cultures were kept for a period of ten days. Sensitivities 
of the organisms isolated were tested by the standard Eirby-Bauer 
disc method. If the organism was found to be resistant to penicil- 
lin or ampicillin, it was then tested for B-lactamase."’ 


Antibiotics. Subjects who qualified for the study were random- 
ly assigned to receive either cefaclor or amoxicillin, 4# mg/kg/day 


*Falton, Oxnard, Calif. 


tStorz Instrument Co., St. Louis. 











A mioxicillin Total 
Children Ears Children Ears 

53 79 110 150 
34.0 28 (38.9 36 (32.7 53: (35.3 
41.5 25 (34.7 50 (45.5 65 (43.3 
22.6 18 (25.0 99 Ew 30 (20.0 
1.9 1 ( 1.4) 2( 1.8 2 (1.3 
60.4) 63 (57.3) 

39.6) 47 (42.7) 
a7 a 44 0.0 

67.9 66 (60.0 

a 70 EF 

35.8 40 (36.4) 


in thsee divided doses, for 14 days. No other medication was ad- 
ministered. The drug was to be discontinued if 1) significant ad- 
vers=effects occurred, 2) the original pathogen(s) was not suscep- 
tible -o the drug as shown by the results of microbiologic testing, 
in association with an unsatisfactory clinical response, or 3) an 
unsa‘isfactory clinical response necessitated a second tympano- 
centesis which revealed the presence of a pathogen. 


Suasequent Management. Children were re-examined 14 days 
after =ntering the study. They also returned whenever the clinical 
cour= of the OME warranted follow-up visits. Each examination 
incl eled an interval history, physical examination with pneu- 
matis otoscopy, and a tympanogram. Positive response to therapy 
was =parated into two types: 1) satisfactory symptomatic or clini- 
cal -esponse, and 2) resolution of the OME. A satisfactory clinical 
response was defined as relief of otalgia and defervescence. If the 
child had persistent or recurrent otalgia or fever or both after 
three days of treatment, a repeat tympanocentesis was performed 
wher possible in the manner described previously. The middle 
ear € fusion was then re-examined for organisms. 


Resolution of the OME was defined as the absence of OME at 
the Et-day visit as determined by otoscopy, and tympanometry 
wher possible. 


Tygnpanometry. Tympanograms were obtained using an elec- 
troa@ustic impedance bridge* and were plotted with an X-Y 
plotter. Tympanogram patterns were classified according to the 
system suggested by Cantekin and Bluestone.'? The tympano- 
metre variants were based on the degree of tympanic membrane 
corr gliance, the air pressure at peak tympanic membrane compli- 
ance and the gradient of the tympanogram curve. The otoscopic 
diagrosis and tympanometric variants were then combined from 


whia the probability of OME being present could be determined. 


S*etistical Methods. Proportions were compared using the usual 
chi-square statistics unless the sample size was too small, in which 
case *isher’s Exact Test was used. When comparing proportions 
whi adjusting for confounding variables, the Mantel-Haenzel 
Chi- quare Test with one degree of freedom was used. 


RESULTS 


(ne hundred twenty-four patients with acute 
OME entered the study and underwent tympano- 
cenvesis. However, only 110 children returned for 
the 14-day follow-up visit and it is this group which 
comprises this report. 


As shown in Table 1, the two treatment groups 


*Mbdel Z073, Madsen Electronics, Oakville, Ontario, Canada. 
1 Mbdel 7010A, Hewlett-Packard Medical Instruments, Waltham, Mass. 
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TABLE 2. CLINICAL (SYMPTOMATIC) RESPONSE OF 110 
CHILDREN (150 EARS) DURING 14-DAY ANTIBIOTIC 





TREATMENT 
Cefaclor Amoxicillin 
Children Ears Children Ears 
Success 54 74 48 65 
Failure 3 (5.3) 4 (5.1) 5 (9.4) 7 (9.7) 
Total 57 78 53 ie 


Numbers in parentheses indicate percentage. 


were similar in age and sex. Seventy-eight percent 
of the children were between 7 months and 5 years 
of age. Race, however, was unequally distributed; 
52.6% of the children in the cefaclor-treated group 
were white, as compared to 67.9% of the amoxicil- 
lin-treated group. The two groups were comparable 
in the age of onset of first episode of acute OME and 
frequency of episodes, and allergy history. At the 
time they entered the study, 48% of the children in 
the cefaclor group had symptoms of an upper re- 
spiratory infection as did 59% of those in the amoxi- 
cillin group. 


Table 2 compares the clinical responses of the two 
treatment groups. Of the 57 children who received 
cefaclor, only 3 children (4 ears) remained symp- 
tomatic or had recurrence of symptoms after the 
first three days of treatment. No organisms had 
been isolated initially from these four ears and these 
ears were again sterile when the tympanocenteses 
were repeated. However, of the 53 children who 
received amoxicillin, 5 (7 ears) remained symp- 
tomatic or had recurrence of symptoms while on the 
drug, and in 4 children (6 ears), tympanocentesis 
was repeated; this difference is not statistically 
significant (p>0.2). At the time of initial tym- 
panocentesis pathogenic bacteria had been isolated 
from these ears but none had bacteria isolated on 
repeat tympanocentesis although symptomatic. 


One child in the amoxicillin group with recurrence 
of symptoms did not have a repeat tympanocente- 
sis. This child had S pneumoniae isolated initially 
from one ear and had an intact tympanic mem- 
brane three days after initial tympanocentesis. She 
returned ten days after entry into the trial and was 
found to have a spontaneously perforated tympanic 
membrane and purulent otorrhea, from which H 
influenzae type B, resistant to ampicillin, was iso- 
lated. Her treatment was then changed to cefaclor 
and she remained asymptomatic. In no child was 
either amoxicillin or cefaclor discontinued because 
of side effects. 


In addition to symptomatic response, the two 
treatment groups were compared as to presence or 
absence of OME at the end of antibiotic treatment. 
Presence or absence of OME at 14 days related to 
the initial middle ear aspirate is shown in Table 3. 
The organisms initially isolated from the two 
groups are comparable with the exception that all 
the ampicillin-resistant organisms (H influenzae in 
three ears, S aureus in one) were isolated from mid- 
dle ear aspirates in the cefaclor group. No cefaclor- 
resistant organisms were found, but one child had 
ampicillin-resistant H influenzae bilaterally which 
was only intermediately sensitive to cefaclor. More 
than one pathogen was isolated from four ears. Of 
16 children undergoing bilateral tympanocentesis, 
8 had the same culture result in both ears; 7 had a 
pathogen isolated from one ear while the other ear 
was sterile, and one child had two pathogens in one 
ear but only one of these pathogens in the other ear. 
Twenty-four ears were diagnosed as having acute 
OME but tympanocentesis was not performed on 
these ears. When grouped by middle ear isolate, 
most groups are too small to make any meaningful 
comparisons. The larger groups (those with S pneu- 
moniae and those that were sterile or contained 


TABLE 3. PRESENCE OR ABSENCE OF OME AFTER 14 DAYS OF TREATMENT RELATED TO INITIAL MIDDLE EAR 
ISOLATE AND ANTIBIOTIC RECEIVED 


Porp” 


Cefaclor 
No 
OME OME 
Isolate 
S pneumoniae 10 14 l 
H influenzae (S)t 4 2 0 
H influenzae (R)§ ] 2 0 
S pyogenes l 2 0 
S aureus (R) 0 l 0 
B catarrhalis 0 4 0 
H influenzae (S) & S pneumoniae 0 l 0 
B catarrhalis & S pneumoniae l 0 0 
S pyogenes & S pneumoniae 0 l 0 
Sterile or nompathogen 11 7 l 
All ears receiving tympanocentesis 28 34 2 
(45.2) (54.8) 
Ears with acute OME not 
receiving tympanocencesis 3 1] 0 
Total all ears 31 45 2 
(40.8) (59.2) 


*Perforation or excluded. 
tS - Ampicillin sensitive. 
{R - Ampicillin resistart. 
Numbers in parentheses indicate percentage. 


Amoxicillin 
O Total 
Total OME OME Por E* Total Ears 
25 ll 12 2 25 50 ( 39.7) 
6 7 2 3 12 18 ( 14.3) 
3 0 0 0 0 3 ( 2.4) 
3 2 3 l 6 9( 7.1) 
| 0 0 0 0 l1 ( 0.8) 
4 2 0 0 2 6 ( 4.8) 
l ] 0 0 l 2 1.6) 
l 0 0 0 0 l 0.8) 
l 0 0 0 0 1 ( 0.8) 
19 7 9 0 16 35 ( 27.8) 
64 30 26 6 62 126 (100.0) 
(53.6) (46.4) 
14 6 2 2 10 24 
78 36 28 8 72 150 
(56.3) (43.7) 
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TABLE 4. PRESENCE OR ABSENCE OF OME AT # DAYS RELATED TO AGE, RACE, AND ANTIBIOTIC RECEIVED IN 140 
EVALUABLE EARS 


ťi 


White Black Total 
Cefaclor Amoxicillin Cefaclor Amorée-dlin Cefaclor Amoxicillin 

No No No No No No Signifi- 

OME OME OME OME OME OME OME “YME OME OME OME OME _ cancet 

7-23 mo 4 5 12 2 u 3 8 1  15(65.2) 8(34.8) 20(87.0) 3(13.0) p=.17 
2-5 yr 7 16 8 6 5 12 5 4 12(30.0) 28(70.0) 13(56.5) 10(43.5) p=.08 

6-16 yr 2 7 3 14 2 2 0 ] 4(30.8) 9(70.0) 3(16.7) 15(83.3) p>0.2 
Total 13 28 23 22 L3 17 6 3l 45 6 28 p= .07$ 


(31.7) (68.3) (51.1) (48.9) (1.4) (48.6) 


13 
(68.4) 81.6) (40.8) (59.2) (56.3) (43.7) 


*Nonevaluable ears are those with a perforation, or tho= that required a tympanec2ntesis or change in antibiotic treatment prior to 14-day visit. 


tFor age groups only. 
{When adjusted for both age and race, then p= .03. 
Numbers in parentheses indicate percentage. 


nonpathogenic organisms) are similar in t= num- 
bers of ears with OME present after 14 days of 
treatment. Interestingly, all four ears with 3 catar- 
rhalis of the children receiving cefacler were 
effusion-free at 14 days but the two ears with this 
organism in the amoxicillin group had the persistent 
effusion. 


When the ears receiving tympanocen-esis are 
compared in regard to treatment, a higher percen- 
tage of ears of children in the cefaclor-treated group 
were effusion-free, but the difference between the 
two treatment groups is not statistically sig-ificant. 
When the ears with acute OME that did nct receive 
tympanocentesis are compared, a significent pro- 
portion of ears of children in the cefaclo~-treated 
group had no effusion after treatment (p = 0.04). 
Overall, 59.2% of the evaluable ears* in the 
cefaclor group were effusion-free at 14 day- as com- 
pared to 43.7 % of ears in the amoxicillin group, but 
this difference is not statistically significant Table 4 
shows the OME status at 14 days as related to an- 
tibiotic received, age, and race. When aœ only is 
considered, there is no statistically significant dif- 
ference between the two antibiotics for any in- 
dividual age group or for total ears (g = 0.07). 
When race alone is considered, more ea~s of the 
white children in both treatment groups had no 
OME at 14 days (p= .10). Adjusting for race, there 
was a significantly higher percentage of ears 
without OME in the cefaclor-treated greap (p= 


*Ears with perforations at the 14-day visit were excluded som analysis 
as to the presence or absence of OME, as were ears that recived a tym- 
panocentesis or a change in antibiotic treatment before the 14-day visit 
due to persistent or recurrent symptoms. 


.05). When the 14-day status in regard to presence 
or ab-ence of effusion is adjusted for both age and 
race the difference between the cefaclor- and 
amo-=cillin-treated groups is significant (p = 0.03). 


Tz 2le 5 summarizes the middle ear status of the 
chilcsen after 14 days of treatment, separated into 
whe her they had unilateral or bilateral OME upon 
entr= into the study. Nineteen of 34 patients 
(55 $%) with unilateral acute OME who received 
cefacor treatment were effusion-free as compared 
to ony 14 of 32 patients (43.8%) on amoxicillin 
who were effusion-free after treatment. Of those 
chilc en with bilateral disease, 15 of 21 (71.4%) on 
cefa>or had no effusion in either ear or only one ear 
with persistent OME as compared to only 8 of 16 
chile en (50%) on amoxicillin; however, these dif- 
ferences are not statistically significant. 


Irtormation regarding the recurrence of sympto- 
mate acute OME during the 28-day period follow- 
ing Te end of antibiotic treatment was available on 
49 cLildren in the cefaclor-treated group and 35 
chilen in the amoxicillin-treated group. Four 
chil en in each group had a recurrence. 


CONCLUSIONS 


Nerobiologically, our study population is repre- 
sentative of acute OME; the percentages of isolates 
are ~onsistent with those reported in the literature.’ 
We fund that cefaclor was at least as effective as 
ameczicillin in relieving the clinical symptoms of the 
disse; although there were fewer persistently 
symetomatic children in the cefaclor-treated group 
as compared to the amoxicillin group, the differ- 
ence is not statistically significant. When the mid- 


TABLE 5. PRESENCE OR ABSENCE OF OME êT 14 DAYS RELATI TO LATERALITY OF DISEASE AND ANTIBIOTIC 
RE_EIVED (N = 103 CHM’ DREN)* 





Str=s at 14 Days 


Ceaclor Amoxicillin 
Bilateral Unilateral Tote. Bilateral Unilateral Total 
OME OME No OME Chil# n OME OME No OME Children 
Status at entry 
Unilateral — 15 19 34 — 18 14 Jo 
Bilateral 6 4 ll 21 8 2 6 16 
Total children 6 19 30 55 8 20 20 48 


* Excluded from analysis are 2 children in the cefaclor-t «ated group with unilater:bdisease and 5 children in the amoxicillin-treated group, 2 with uni- 


lateral disease and 3 with bilateral disease. 
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dle ear status following antimicrobial therapy was 
examined, there were fewer ears with OME in the 
children in the cefaclor-treated group; when ad- 
justed for age and race, the difference between the 
two antimicrobials is statistically significant. Of in- 
terest is the consistent difference in OME status at 
14 days between white and black children regard- 
less of treatment. The reasons for this difference are 
not clear; among those to be considered are differ- 
ences in anatomy,’ drug compliance (which was 
not measured in the present study) and socioeco- 
nomic status. 


Also encouraging is the fact that cefaclor was ef- 
fective in the cases of acute OME in which ampicil- 
lin-resistant organisms had been isolated: none of 
the children was persistently symptomatic after the 
third cay of treatment and three of the four ears of 
these children were also effusion-free after 14 days 
of treatment. From this clinical trial, cefaclor is a 
reasonable choice for the treatment of acute OME. 
Fewer children were symptomatic after three days 
of treatment, and significantly fewer ears had 
residual effusion after a 14-day course of eefaclor as 
compared to children treated with amoxicillin. 


ACKNOWLEDGMENT — The authors wish to thank Richard H. Michaels, MD: Dale D. Rohn, BA; M. Christine Wright, RN; and Mary Ann Fagan, RN, 
for their clinical assistence, and Suzanne Stewart and Bibi Hill for their assistance in the preparation of the manuscript. 
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ANTIMICROBIAL PROPHYLAXIS FC } RECURRENT ACUTE 
OTITIS MEDIA 


Jac< L. PARADISE, MD 


PITTSBURGH, PENNSYLVAN P 


Antimicrobial prophylaxis for children who have frequently recurring, sever episodes of acute otitis media appears to constitute a 
reasonable management option, even though it is not yet clear whether the advant2es outweigh the disadvantages and risks. It remains for 
well-designed and well-executed studies that extend over welatively long periods «© indicate whether this approach to management is the 
best of the available options, and if so, which of the available drugs is preferable - 


The attempt to prevent otitis media by acmin- 
istering antimicrobial drugs involves certain prin- 
ciples, concerns, and unanswered questions which 
deserve review. 


WHY PREVENT OTITIS MEDIA? 


The potential benefits to children to be derived 
from preventing otitis media are summarized in Ta- 
ble 1, and most of them are self-evident. Specifi- 
cally with regard to long-range sequelae, while sup- 
purative forms of otitis media still sometimes ~esult 
in permanent middle ear damage, the frequercy of 
this occurrence has of course declined marxedly 
since antimicrobial treatment for ear infectiea has 
become routine. Of greater interest currently is the 
question whether the hearing impairment that ac- 
companies persistent nonsuppurative (secretory or 
serous) otitis media early in life can result in 
developmental impairments that persist into later 
childhood, long after normal hearing has been re- 
covered.' The evidence favoring this proposit on is 
in my judgment insubstantial, and much research 
will be required in order eventually to clarify the 
issue. In the meantime, I would suggest extreme 
skepticism about assertions to the effect that if an 
infant or young child experiences two or three 
months of middle ear effusion he is thereby at risk of 
becoming learning-disabled or language-impaired. 


TABLE 1. REASONS FOR ATTEMPTING TO PREVENT 
EPISODES OF ACUTE OTITIS MEDIA 
Reduce pain, fever 
Shorten duration of hearing impairment 


Reduce cost 
MD visits 
Surgical procedures 
Drugs 
Reduce inconvenience 
Allay parental anxiety 


Prevent long-range sequelae 
Middle ear damage 
Developmental impairments ? 


APPROACHES TO PREVENTING OTITIS MEDIA 


A number of approaches to the prevention of oti- 
cis mech are in current use, and these are summar- 
ized in Table 2. Regarding the efficacy of either 
adenoi Ectomy or T&A in the prevention of otitis 
media, we are currently involved in studies de- 
signed © answer some aspects of that question,?? 
but no dear-cut answers are yet available. Regard- 
ing verlating tubes for recurrent acute otitis me- 
dia, suport for their use stems entirely from per- 
sonal xperience rather than published data. 
Wheth= recurrences of otitis might be prevented by 
more -feral use of myringotomy for acute episodes 
remains an untested hypothesis. Antimicrobial pro- 
phylaxx is the principal subject of the present 
report and will be considered in detail below. Fi- 
nally, -Lere is hope that polyvalent pneumococcal 
vaccine will prove efficacious in reducing episodes 
due to he most commonly responsible pathogen, 
Streptz>ecus pneumoniae. This question is cur- 
rently b<ing tested in a number of separate studies. 


POTENT AL CANDIDATES FOR PREVENTION 


If we think about trying to prevent recurrent 
acute œ itis media, who might be potential can- 
didates or such an endeavor? The landmark study 
of Kess-=r et al reminds us that otitis media is a very 
commeor disease whose prevalence in the winter 
months reaches the range of 25 to 30% in the 
younger age groups.* Obviously, prophylaxis should 
not be nsidered for such large proportions of the 
childhced population, but rather for children with 


TABLE 2 *CURRENT APPROACHES TO THE PREVENTION 
OF RECURRENT OTITIS MEDIA 


Al-noidectomy or T&A 

V= tilating tubes 

M.-ingotomy more liberally for acute otitis media 
Auidmicrobial prophylaxis 


Pebvalent pneumococcal vaccine 
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TABLE 3. CIRCUMSTANCES IN WHICH ANTIMICROBIAL 
PROPHYLAXIS IS INDICATED OR REASONABLE 


. Rheumatic heart disease 


þat 


. Gonococeal ophthalmia 

. Prevention of subacute bacterial endocarditis 
. Tuberculosis 

. Syphilis exposure 
Gonorrhea exposure 
. Diphtheria exposure 


} susceptibles only 
. Pertussis exposure 


Oo oND AUN 


. Meningococcal disease exposure 


— 
© 


. H influenzae type B disease exposure 


—" 
— 


. Splenectomy/sickle-cell disease 


— 
bo 


. Compound ‘ractures 
13. Skull fractures with CSF leak 


14. Recurrent urinary tract infection 


16. Burns 


15. Contaminated injuries and bites 
} controversial 
17. Intestinal-surgery 


frequent recurrences in the recent past. Reasonable 
criteria might be three episodes of acute suppura- 
tive otitis media in the preceding six months or four 
episodes in the preceding year. 


Also presenting as reasonable candidates for pre- 
vention are particular populations, such as Eskimo 
and American Indian children, who are very prone 
to develop severe recurrent disease. In a survey of 
British Columbia Indians of all ages, 45% were 
found to have had previous otitis media, and 16% 
had currently active infection.’ Of a group of Baffin 
Island Eskimo eh:ldren under 10 years of age, 31% 
were found to have actively draining ears.® In a 
group of Western Alaskan Eskimo infants, 38% had 
developed at least one episode of draining ears with- 
in the first year of life, and 19% had experienced 
their initial episode prior to four months of age’? — 
extraordinary statistics when compared with those 
of populations most of us are accustomed to dealing 
with. And, in a group of South Dakota Indian 
school children, those with either acute or chronic 
otitis media comprised about 30% of the population 
studied. 


Finally, we might include a group of children 
who for one reason or another had received tym- 
panostomy tubes. and who then develop frequent 
episodes of purulent otorrhea — indicating middle 
ear infection — through the tubes. Especially 
susceptible in this category are infants with cleft 
palate. 


ESTABLISHED OR REASONABLE INDICATIONS FOR 
ANTIMICROBIAL PROPHYLAXIS 


Although in pediatric circles antimicrobial pro- 
phylaxis has a rather dubious reputation in general, 
it is important to recall that in a number of cir- 
cumstances antimicrobial prophylaxis is accepted as 
either standard or at least reasonable procedure 


(Table 3). Some of these circumstances are well 
established and require no comment here. Regard- 
ing tuberculosis, while there may be some contro- 
versy, most authorities consider it advisable to ad- 
minister isoniazid (INH) to the patient who con- 
verts from a negative to a positive tuberculin test, 
not in order to treat the infection underlying that 
phenomenon, but rather to prevent the develop- 
ment of tuberculous complications such as meningi- 
tis or miliary tuberculosis. Antimicrobial prophy- 
laxis is appropriately administered to patients ex- 
posed to syphilis or gonorrhea, particularly to indi- 
viduals who have been raped, and also to suscepti- 
ble patients (those not previously immunized fully) 
who have been exposed to either diphtheria or per- 
tussis. In patients who have sickle-cell disease, or 
who have received splenectomy, antimicrobial pro- 
phylaxis in an effort to prevent pneumococcal infec- 
tion is standard. Finally, there is a group of condi- 
tions in which, allowing for some controversy, there 
is reason to believe that antimicrobial prophylaxis 
might be appropriate. These conditions include re- 
current urinary tract infection, contaminated injur- 
ies and bites, severe burns, and intestinal surgery. 


Of the 17 items listed in Table 3, the first 11 in- 
volve protection against infection with a single 
organism, rather than the multiple organisms cap- 
able ef causing otitis media. This difference may or 
may not be important, but seems worthwhile to 
keep in mind. 


NONINDICATIONS FOR ANTIMICROBIAL PROPHYLAXIS 


There are a number of circumstances in which 
antimicrobial prophylaxis has been found to be in- 
effective, specifically in common viral respiratory 
infections and in measles.’ 


POTENTIAL PROBLEMS OF ANTIMICROBIAL 
PROPHYLAXIS FOR OTITIS MEDIA 


Potential problems of long-term prophylaxis in- 
clude, of course, the emergence of resistant strains 
of bacteria on the one hand, and the occurrence of 
adverse drug reactions on the other. However, an 
issue that has probably not received sufficient atten- 
tion is the possibility that, as a result of anti- 
microbial agents having been administered, symp- 
toms of otitis media may be suppressed and the dis- 
ease masked rather than having been eliminated or 
reduced. We would like to be confident that the 
main effect of prophylaxis is not to generate a popu- 
lation of children with middle ear effusion that is 
asymptomatic and therefore not likely to be de- 
tected. 


REPORTED STUDIES OF PROPHYLAXIS FOR OTITIS 
MEDIA 


In considering what might be accomplished with 
antimicrobial prophylaxis, it seems important to 
consider carefully the four studies reported to 
date.” 10-12 
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TABLE 4. SUMMARY RESULTS OF THE ENSIGN =T AL 
STUDY” OF SULFAMETHOXYPYRIDAZINE 





PROPHYLAXIS 
Proportior of 
History of Children Who 
Otorrhea in Antimicrobial Developed 
Previous Reportedly Earache 
Years Administered N Only C torrhea 

No Regularly 34 0% 0% 
(N=91) Irregularly 15 T% 0% 
Little or none 42 14% 10 % 
Yes Regularly 18 11% 6% 
(N = 29) Irregularly 3 0% 0% 
Little or none 8 25 % 38 % 


The Ensign et al Study.'° This study was carried 
out among Indian children under 11 years of age in 
Montana. The drug used was one no longer com- 
mercially available, sulfamethoxypyridazine, a 
long-acting sulfonamide popular at the t-me for 
treating urinary tract infection. A single dase was 
administered three times a week to older children, 
and twice a week to infants weighing less han 20 
pounds. The study was not controlled; rathe-, every 
accessible child in the population was ad~ised to 
take the drug. The subsequent occurrence 2f otitis 
was not monitored directly, but was based ən par- 
ental accounts. 


The authors divided the population irto two 
groups (Table 4). The first group contamed 91 
children who had not had a history of otorrhea in 
previous years, while the second group consisted of 
29 children who had had a history of otomhea in 
previous years, and who were therefore cor sidered 
to be at greater risk. In each group, some children 
reportedly took the drug regularly, some rey ortedly 
took it irregularly, and some apparently stopped the 
drug after a short period or did not take it æ all. In 
both groups, among those who reportedly took the 
drug regularly or irregularly, there was rdiatively 
little middle ear disease, whereas among these who 
essentially failed to take the drug, much larzer pro- 
portions developed earache or otorrhea or bcth. 


The Maynard et al Study.’ This study in~olved a 
group of Western Alaskan infants and children less 
than 7 years of age. Children 2'4} years o` age or 
older were given 250 mg of ampicillin once daily; 
those younger were given half that amount. The de- 
sign involved a one-year-long, double-blinc trial of 
drug versus placebo. The subjects in the tvo treat- 
ment groups were carefully matched for family size, 
age, sex, and prior otitis history. An episode of otitis 
media was defined as the occurrence of otorrhea as 
reported by parents, after a two-week-free mterval. 
Of interest was the fact that, prior to entry into the 
trial, the tympanic membranes were deemed nor- 
mal in only 15% of the ampicillin group end only 
12% of the placebo group. The study grcup as a 
whole thus already had been severely affec ed with 
middle ear disease before entry into the study. 


Table 5 summarizes the study’s findings. Df those 


TABLE 3. SUMMARY RESULTS OF THE MAYNARD ET AL 
STUDY’ OF AMPICILLIN PROPHYLAXIS 





Proportion of Subjects Experiencing 
Episodes of Otitis Media 
Treatment Group 


No. of Episodes Ampicillin Placebo 
in 3 Yr N=173 N = 191 P 
#1 24 % 40 % < .005 
=3 4% 11% < .05 


who received ampicillin only 24% (42 of 173) 
develeoed at least one new episode of otorrhea, as 
compared with 40% of those receiving placebo. 
Three or more episodes of otorrhea were experi- 
enced by only 4% of the ampicillin-treated group 
compared with 11% of the placebo-treated group. 


The Perrin et al Study.'! This study involved 54 
childsen, ranging in age from 11 months to 8 years, 
who ~ere enrolled in a suburban Rochester, New 
York. practice conducted by four pediatricians. 
Eligik lity for entering the study consisted of at least 
three episodes of otitis media in the preceding 18 
monts, or at least five episodes at any time in the 
cours of a lifetime. This entry criterion seems not 
very stringent — five episodes of otitis media over a 
period of eight years is probably not a great deal 
more than average — and therefore allows for con- 
siderz nle heterogeneity in the study population. 
The antimicrobial used was sulfisoxazole (Gantri- 
sin® | 0.5 g was administered, irrespective of age, 
twice daily. The study extended over a six-month 
perio= from December to May, and the method in- 
volve a double-blind comparison between sulfisox- 
azole ¿nd placebo, in a cross-over design. Thus dur- 
ing tke first three months of the study half the sub- 
jects received sulfisoxazole and the other half, 
placebo; during the second three months the 
treatments were reversed. The subjects were ex- 
amined every six weeks. An episode of acute otitis 
media was defined by whatever criteria each in- 
dividal physician used for making that diagnosis; 
the c7teria were not specified. 


Tale 6 summarizes the results of the study. Of 
the children, 4 experienced one or more episodes 
of acute otitis media during the combined three- 
mon periods while receiving sulfisoxazole, com- 
pared with 21 children who experienced one or 
more 2pisodes while receiving placebo. With regard 
to th=otitis media attack rate, there was a sevenfold 
advactage favoring the sulfisoxazole group. The re- 
duction in attack rate was, however, significant on- 
ly im the children less than 6 years of age. Above 
that age there was no substantial difference, per- 


TABLE 6. SUMMARY RESULTS OF THE PERRIN ET AL 
»TUDY'"' OF SULFISOXAZOLE PROPHYLAXIS 


Sulfisoxazole Placebo P 
Child-«n with > 1 episode 


iz 3 mo period 4/54 21/54 < .02 
Attac_ rate: 
Fapisodes/child/6 mo 0.15 1.05 <.001 
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TABLE 7. SUMMARY RESULTS OF THE BIEDEL 
STUDY” OF SULFONAMIDE PROPHYLAXIS 


Symptomatic Otitis Recurrence Rate with New URI, Weeks 2-8 


Sulfonamide Decongestant P 
4/71 (5.6%) 15/76 (20%) < .001 


haps because, for such older children, the dose of 
sulfisaxazole had not been adequate. 


The Biedel Study." The fourth reported study 
dealt with children recently recovered fully from an 
attack of acute etitis media. Diagnostic criteria in- 
volved the use ef pneumatic otoscopy. A sulfona- 
mide, in most instances sulfisoxazole, was com- 
pared with an oral decongestant, considered a “con- 
trol” drug. The period of study extended for eight 
weeks. The design involved treating each child at 
the onset of symptoms of a new episode of upper re- 
spiratory infection (URI) with either sulfonamide or 
decongestant for the duration of respiratory symp- 
toms and for a minimum of six days. The treatment 
regimens were alternated with succeeding subjects: 
one sulfa, one control, etc. The study was neither 
single- nor double-blind: ie, both the parents and 
the physician knew which drug was being taken. 
Children who developed symptoms that appeared 
indicative of middle ear disease were brought for 
examination, but otherwise no systematic examina- 
tions were carried out. 


The results of the study are shown in Table 7. 
The first week after the initiation of treatment was 
excluded from consideration because of the possibil- 
ity that otitis found during this period might repre- 
sent a flare-up of prior infection rather than a new 
episode. Among the 71 children for whom sulfona- 
mide was prescribed at the onset of URI there were 
4 symptomatic otitis recurrences; by contrast, 
among the 76 children in the decongestant group, 
there were 15 otitis recurrences. 


LIMITATIONS OF THE STUDIES 


The limitations common to all of these studies 
can be summarized as follows. First, since the 
studies were designed to detect only symptomatic 
episodes, they do not provide data concerning the 
possible occurrence of episodes of acute suppurative 
otitis media that were not accompanied by symp- 
toms. Certainly such cases are a matter of common 
experience. Secondly, the studies provide no data 
directly or indirectly about middle ear effusion, and 
there is concern that the antimicrobial agents used 
might have served merely to suppress symptoms 
without actually preventing infection or inhibiting 
inflammation. Finally, the longest period of follow- 
up in any of the studies was one year, a period much 
shorter than the duration of risk for most children 


TABLE 8. PRINCIPAL UNTOWARD REACTIONS TO 
SULFONAMIDES 


Fever 

Rash 

Granulocytopenia 
Aplastic anemia 
Stevens-Johnson syndrome 
Urticaria 

Nausea 

Hepatitis 

Headache 

Behavior or mood disorders 
Vasculitis 

Nephrosis 


Hemolysis in patients with 
glucose-6-phosphate-dehydrogenase deficiency 


severely affected by recurrent otitis media, and 
therefore too short a period on which to base esti- 
mates of the risks and problems deriving from pro- 
phylaxis, particularly the emergence of resistant 
strains of bacteria, and the potential toxicity of 
drugs. 


CURRENT RECOMMENDATIONS 


Despite the limitations of the data avaiable, an- 
timicrobial prophylaxis currently appears to consti- 
tute a reasonable management option for children 
who have extraordinary difficulty with recurrent 
acute infection, ie, who may recover from one 
severe episode, often slowly or incompletely, only to 
develop another. (For such children, myr:ngotomy 
and tympanostomy tube insertion is sometimes un- 
dertaken, but that method remains unsupported by 
data and is attended by risks of other types, and in 
any case is beyond the scope of the present discus- 
sion). If the physician decides to embark on prophy- 
laxis, which children are proper candidates, and 
which drug should be used? As mentioned earlier, 
three episodes of acute otitis in six months or four 
episodes in one year seems a reasonable minimum 
criterion. The drugs that have been tested most are 
the sulfonamides, but sulfonamides are by no means 
entirely innocuous. Although side-effects occur rel- 
atively infrequently, they include some that are ser- 
ious and some that may be fatal; a partial listing is 
shown in Table 8. An alternative drug that seems 
worthy of consideration is penicillin G. While some 
bacteria are resistant to penicillin G and others may 
develop resistance, penicillin G when administered 
orally has the advantages of being 1) relatively free 
of serious side effects, 2) inexpensive, and 3) prob- 
ably relatively efficacious against most strains of 
Hemophilus influenzae — in vitro six or eight times 
as efficacious as penicillin V." Pending further 
studies, either sulfisoxazole or penicillin G or ampi- 
cillin would appear to be acceptable agents to try. 
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ANTIMICROBIAL THERAPY FOR CHRONIC SUPPURATIVE 
OTITIS MEDIA 


DAVID N. F. FAIRBANKS, MD 


WASHINGTON, D. C. 


In chronic draining ear associated with a tympanic membrane perforation and/or cholesteatoma, the infection is that of bacterial con- 
tamination. Both aerobic and anaerobic organisms are found, notably Pseudomonas, Staphylococcus, and enteric organisms, particularly 
Bacteroides. The disease exists because of a structural defect in the middle ear cleft, which requires surgery as definitive treatment. Medical 
therapy is valuable as a temporary measure, in preoperative preparation, and in prevention and management of intracranial extension. 
Topical therapy with antibiotic ear drops is often helpful, but also important is local care with cleansing, drying, and antiseptie solutions or 
powders. Therapy is usually directed against the Pseudomonas organism with aminoglycosides and polymyxins, but Bacteroides fragilis 
now looms as an impor-ant pathogen in 13% of affected patients, requiring chloramphenicol. Since drugs directed against Bacteroides are 
ineffective against Pseudomonas, and vice versa, there is no one agent we can rely upon for treatment of both. What we are all looking for, 
of course, is that brand new antibiotic the FDA hasn't released yet: “panaceamycin.” It hasn’t even been developed yet. None of the ones 
we have are a panacea; and until we get one, we will have to stick with what we have, exercise clinical judgment, and base our antibiotic 
selections on, if not proven culture results, then at least established microbial probabilities. 


INTRODUCTION among our affluent patients, this is not a rare 


disease. 
In a 1928 report from the University Clinic in 


Basel recounting 25,000 clinic visits for acute and CLINICAL ENTITIES 
chronic otitis media in a 30-year period,' eighty-six 
patients died of intracranial complications. That 
figures to almost three deaths per year from otitis 
media. Today, of course, this situation has changed 


Two distinctly different anatomical defects in the 
tympanic structures predispose the patient to 
chronic suppurative otitis media. 


dramatically. The impact of antibiotics has been l. Perforation of the tympanic membrane, 
tremendous on the practice of otolaryngology and which exposes the middle ear mucosa tc external 
on the course of diseases in our patients. contamination through the external ear canal. 
However. if we are to maximize the benefits 2. Penetration of the tympanic and mastoid 
available to us wita such drugs, we need to choose spaces by keratin-producing epithelium (eg, epider- 
between them with discrimination, with an under- mis), which allows accumulation of keratin, which 
standing of the microbial population, and with a is subject to contamination through the external ear 
knowledge of their indications and limitations. canal. Some 120 years ago, Virchow looked at wre 
of these epidermal inclusion cysts in the mastoid. 
This is especially true in the chronic draining ear, He saw cholesterol crystals in it and named it “cho- 
where the offending organisms can be quite unpre- lesteatoma.” Better terms would be “keratoma” or 
dictable, may be difficult to culture, and may be re- “keratosis of the mastoid and middle ear spaces.” 


sistant to all acceptable antimicrobials. Chronic suppurative otitis media is most often a 


recurrent rather than a constant infection. Chron- 


PREVALENCE icity describes its time of onset and the effects of 
The incidence of this problem varies consider- tissue destruction and scarring rather than the ac- 
ably, depending on socioeconomic status and race. tivity level of bacterial invasion. 


Eskimos and American Indians have a well-known 
high incidence. Tschopp’s survey of Alaskan native 
children? showed prevalence as high as 12% in the 
16-year-old group. 


Although the disease may be quiescent for long 
periods, it is only a matter of time before con- 
tamination occurs, and the exposed middle ear 
mucosa, or the accumulated cheesy debris of the 
cholesteatoma, becomes a culture medium for op- 


Similar prevalence rates are seen in Australian portunistic bacteria. 


aboriginal children.’ But this is not simply a racial 


problem, since the prevalence of draining ears in MICROBIOLOGY 

poor whites in Appalachia (Kentucky) is more like 

that of the American Indians than that of their Occasionally an infection may ascend the eusta- 
middle-class American white contemporaries. Even chian tube from the nose, sinuses, aderoids, or 


From the Department of Otolaryngology, George Washington University School of Medicine, Washington, D.C. 
REPRINTS — David N. F. Fairbanks, MD, 2141 K St., N.W., Washington, DC 20037. 
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TABLE 1. BACTERIOLOGY OF CHOLESTEATC MA*® 


Culture Results 
Number “rcent 
No growth 4 13 
Anaerobes present 20 67 
Aerobes present 21 70 
Both present 15 50 


Aerobes 


_— 


P aeruginosa 
P fluorescens 


l 
2 
Proteus species 4 
E coli 4 
Klebsiella-Enterobacter-Serratia 4 
Streptococcus 

B-hemolytic 2 

a- or p-hemolytic 5 

faecalis l 
Alcaligenes-Achromobacter 3 
S aureus l 
S epidermidis 2 
CDC group F 2 


Anaerobes 
Bacteroides 13 
Peptococcus-Peptostreptococcus 1] 
Propionibacterium acnes 8 
Fusobacterium 4 
Bifidobacterium 3 
Clostridium 2 
Eubacterium 2 


pharynx. It will then drain out an open perfaration. 
These will be the usual pneumococcal, strestococ- 
cal, or Hemophilus organisms. But such is aa acute 
infection. The chronic draining ear is an infection 
of contamination from the outside through she ex- 
ternal ear canal into the middle ear through the 
perforation or into the mastoid. Whatever b=cteria 
are available in the outside world can become the 
invading pathogen. For example, Brooks caltured 
chronic draining ears of residents in a home for the 
mentally retarded. The microbiology was e aarac- 
teristically that of fecal contamination. * 


The ubiquitous Pseudomonas aeruginosa xas tra- 
ditionally been blamed for chronic drainir z ears, 
although Friedmann’s cultures of 1,500 ers put 
Staphylococcus higher on the list.* Protezs and 
Escherichia coli are noted in every survey Until 
recently these were the organisms generaly con- 
sidered responsible for the chronic draini œ ear, 
despite the common observation that the seeretions 
are foul smelling, and smelly pus usually means 
anaerobic infection. Furthermore, intracra ial ex- 
tension of chronic otitis media, specificall. otitic 
brain abscess, is almost invariably an anaer bic in- 
fection. These are compelling reasons to suspect 
anaerobic organisms in chronic otitis and mastoid- 
itis. 


In 1975, Harker and Koontz*® sampled thir-y cho- 
lesteatoma ears with both aerobic anc strict 
anaerobic methods (Table 1). Most of the patients 


*Brooks I. Personal communication, May 1979. 


were young people. Over 50% of the infections 
were mixed, with two to five organisms typically 
presert. In nine cases, five or more organisms were 
identizied. Aerobes and anaerobes were present in 
two thirds of the cases, almost in equal proportions, 
and half of the cultures had both aerobic and an- 
aerobe growth. 


P aeruginosa was the most frequent aerobic or- 
ganisr identified. The rest of the aerobes represent 
a mixed flora of enteric organisms and numerous 
others. For anaerobes, Bacteroides was most fre- 
quent y encountered, and this is probably the cir- 
cumstance in head and neck infections where B 
fragils can be most frequently cultured. Varieties 
of the anaerobic Staphylococcus and Streptococcus 
were -he next most frequent, in various differing 
colony types. By and large, the organisms iden- 
tified. both aerobic and anaerobic, are known as 
aggressive pathogens. When a foul smell was noted 
preoperatively, multiple organisms were identified, 
inclucing anaerobes. Pure cultures of Pseudomonas 
in the laboratory do not have a foul smell, whereas 
anaerobic infections characteristically do. But only 
50% æf anaerobic strains produce odors. The smell 
of anaerobic streptococci has been described as foul 
and patrid. (Other bacterial odors, not from ear in- 
fectioas, include clostridial myonecrosis, which has 
the sweetish smell like a steak first put on a grill, 
and d phtheria, which smells like mouse feces.) 


MANAGEMENT 


Strectural defects in an organ interfere with its 
ability to maintain a normal environment. Just as 
renal stones predispose the kidney to infections and 
bronciiectasis to constant contamination of the 
lung. so do anatomic defects in the ear create an in- 
vitatien for bacterial propagation. Typically, an- 
tibiotxs only suppress the organism, or if it is 
eradicated, a new strain appears. Permanent cure is 
unlikely as long as the defect remains. Therefore, 
the definitive care is a surgical correction. Never- 
theles=, surgery is most successful if the infection is 
brougnt under control by medical means. And in 
patierts for whom surgery is unavailable or inad- 
visabE, the ear, chronically draining through a 
large tympanic perforation, can usually be ren- 
dered dry with topical medications. That is not 
true, sowever, of cholesteatomas. 


The first objective of treatment is to make the en- 
vironrient less hospitable to the organism. Cleans- 
ing tt area by aspiration helps remove secretions 
and debris that serve as culture media. Most organ- 
isms prefer an alkaline medium; therefore, irri- 
gating solutions and medications should be slightly 
acidic Most otic preparations have an acid pH 
(they contain boric acid or acetic acid) such as 
Domesoro®, VoSol® and the like. Sultzberger’s 
powder is iodine and boric acid. It provides nonspe- 
cific antiseptic activity against bacteria and fungi. 
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Gentian violet and Cresylate® are similar nonspe- 
cific antiseptics. 


Do-it-yourselfers can mix their own ear drops: 
vinegar as the aeid and alcohol as the antiseptic. Al- 
cohol also absorbs the water and dries out the ear. 
Through an open perforation this may be too pain- 
ful to use, but it is great for preventing swimmer’s 
ear. 


Many otic preparations contain antibiotics. The 
popular ones are formulated with the aerobic or- 
ganisms in mind — particularly Pseudomonas. Cor- 
tisporin® suspension contains polymyxin B and ne- 
omycin as antibiotics, hydrocortisone as an antiin- 
flammatory agent, and alcohol in the carrier vehi- 
cle. Colymycin® is only slightly different; it con- 
tains colistin — which is polymyxin E. It has, 
again, neomycin and hydrocortisone. It has acetic 
acid in the carrier. Other preparations such as Oto- 
cort® and Otobione® are variations on the same 
theme. The acetic acid and alcohol sometimes cause 
burning when they are applied through a perfora- 
tion, and patients may refuse to use such drops, es- 
pecially the clear solution of Cortisporin® , which 
contains hydroehloric acid. An alternative is the 
ophthalmie preparation of Cortisporin®, which 
doesn’t contain alcohol. Another is ophthalmic gen- 
tamicin (Garamycin®), which is, of course, good 
against Pseudomonas. 


Neomycin, as the single antibiotic, is found in 
several preparations (Neo-Cort-Dome®, Otobiot- 
ic®). Neomycin has been implicated as a cause of 
contact dermatitis, but the incidence is much less 
than it is commonly thought to be. In one study‘ on- 
ly two patients out of 2,000 who received neomy- 
cin-containing ear drops suffered such a reaction, 
and these were patients whose chronic otitis had re- 
quired ear drop treatments for many years, so that 
they had probably experienced considerable prior 
exposure to neomvcin topically. 


We also have ctic drops with polymyxin as the 
single antibiotic (Pyocidin® , Lidosporin®). Poly- 
myxin B and colistin (polymyxin E) are bactericidal 
to most Gram-negative organisms, notably P 
aeruginosa, E coli, Klebsiella, and Enterobacter. 
But the spectrum does not include Proteus or B 
fragilis or Gram-positive organisms such as Staphy- 
lococcus, which are often present. 


Neomycin, on the other hand, is a broad spec- 
trum antibiotic bactericidal to many pathogens, 
both Gram-positive and Gram-negative, notably S 
aureus and Proteus species. It is an aminoglycoside, 
like gentamicin, except that most Pseudomonas 
have, by now, become resistant to neomycin. Fur- 
thermore, aminoglycosides are notably ineffective 
against anaerobic bacteria. In fact, they may be 
added to the very medium used to culture anae- 
robes, to suppress overgrowth of aerobes so that 
anaerobes will grow. If one remembers that, he will 


TABLE 2. TOPICAL ANTIBIOTIC THERAPY FOR 
CHRONIC OTITIS MEDIA 


Polymexin B 
Colistia (Polymyxin E) 


Bactericidal to Gram— organisms 
Pseudomonas 
E coli 
Klebsiella 
Enterobacter 


Resistances: Gram + organisms 
Proteus 
B fragilis 
Renal and CNS toxicity 
Neomycin 
Bectericidal to many Gram + and Gram— organisms 
eg, S aureus, Proteus species 


Resistances: All anaerobes 
Many Pseudomonas 


Orotoxicity and nephrotoxicity 


Chloramphenicol 


Bectericidal to 
Staphylococcus, coagulase positive, 99 % 
Staphylococcus, coagulase negative, 95 % 
Group A Streptococcus, 100% 
E coli, 96% 
P mirabilis, 90 % 
Proteus sp, 60% 
Klebsiella, 92% 
Enterobacter, 93% 
Pseudomonas, 5% 


remember how ineffective the aminoglycosides are 
against anaerobes. 


So, the popular antibiotic-containing otic drops 
are for treatment of the well-known aerabes (Table 
2). The combination preparations are preferable, 
using polymyxin for Pseudomonas and neomycin 
for Stephylococcus, Streptococcus, Proteus and the 
rest, with acid and alcohol carriers for antisepsis. 
However, anaerobic bacteria may not be covered 
by that combination. B fragilis, found in 13% of 
cholesceatomas, is resistant to both polymyxin and 
neomycin. 


For years the Otologic Medical Group has used 
chloramphenicol as a dusting powder for the ear. 
Chloramphenicol otic drops are also available in an 
acid carrier, but they are quite painful when they 
go through an open perforation into the middle ear. 


Chloramphenicol exerts a bacteriostatic effect on 
a wide range of Gram-negative and Gram-positive 
bacteria, such as Staphylococcus, Streptecoccus, E 
coli, Klebsiella, and Proteus; the most pertinent for 
our purposes is the notorious anaerobe B fragilis. 
This would seem to be a first-rate otic preparation 
for chronic draining ears except that P aeruginosa is 
resistant to it. Once again, there is no single prepa- 
ration that can be used in all cases. 


In clinical practice, treatment can be initiated 
with the neomycin-polymyxin combination and 
cleans ng procedures. Treatment failures. especial- 
ly those with foul-smelling secretions net cultured 
as P aeruginosa, might be candidates for chloram- 
phenicol drops. Anaerobic culturing, if available, 
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relieves one of the uncertainties of such empirical 
therapy. Anaerobic bacteria are slow growers, how- 
ever, and the Gram stain affords more prompt in- 
formation. 


Topical therapy raises two important questions. 
We are using drugs well known for their neurotoxic 
and ototoxic potentials. Are they, in topical prep- 
arations, absorbed to the extent that they cause 
ototoxicity in the treated ears? And secondly, do 
they reach any significant therapeutic concentra- 
tion at the site of infection? As to the first question, 
these drugs are, in fact, absorbed from otic prepara- 
tions; they are recoverable in the urine of dogs 
when applied to the ears, especially if the tympanic 
membrane is perforated.’ 


In 1957 Schuknecht® applied streptomycin to the 
middle ear in animals and subsequently in live pa- 
tients, hoping to destroy the vestibular apparatus to 
treat Meniére’s disease. It worked, but unfortunate- 
ly hearing was damaged. So, round window mem- 
brane absorption into the inner ear can certainly oc- 
cur. Proud? dusted the round window of guinea pigs 
with chloramphenicol powder and showed cochlear 
damage from a drug otherwise thought not to be 
ototoxic. The well-known ototoxic drugs, neomy- 
cin, gentamicin, and polymyxin, have all been 
shown to produce damage to cochlear function 
(electrocochleography) and to the sensory epitheli- 
um (histopathology), again in guinea pigs.'® In 
Brummett’s studies! the concentrations used were 
those of our clinical commercial preparations of ear 
drops. 


Despite these warnings which have been with us 
for more than a decade, these drops continue to be 
popular in the treatment of otitis media, even when 
perforations are present. And we have yet to see 
reports of adverse effects on hearing. Dr. Brummett 
and his group in Oregon have postulated three pos- 
sible reasons for this. 


1. There is a significant difference in the anat- 
omy of the round window in man and in the guinea 
pig. In the animal the window is prominently ex- 
posed to the tympanic cavity. In man it is at the 
apex of a deep, narrow, round window niche. Per- 
haps the drops just do not make it all the way in 
there or are blocked from it by mucus or extra sheets 
of membrane. 


2. Since early damage occurs in high frequen- 
cies, over 8000 Hz, and these are not detectable 
with the clinical audiometer, damage may be pres- 
ent but not observed. 


3. Chronic otitis media by itself, untreated, also 
causes deterioration of cochlear function. Yet most 
chronic otitis shows a mixed loss with a mild nerve 
type component as well as the expected conductive 
loss. This was noted in the literature as early as 1941 
(in the preantibiotic era even before we had the ear- 


TAELE 3. SYSTEMIC ANTIBIOTIC THERAPY FOR 
CHRONIC OTITIS MEDIA 





Aerobic Irganisms Systemic Antibiotics 


Pseude monas Aminoglycoside + carbenicillin 

P mirabilis Ampicillin or cephalosporin 

P morzanii Aminoglycoside + carbenicillin (some 
P valgaris } totally resistant) 


E coli Ampicillin or cephalosporin 


Kleosella Cephalosporin or aminoglycoside 
Enterebacter Aminoglycoside 
S aureus Anti-Staphylococcus penicillin 
Cephalosporin 
Erythromycin 
Aminoglycoside 
Streptococci Penicillin or any of above 


Systemic Antibiotics 
Clindamycin 
Penicillin 
Cephalosporins, etc. 


Anaeraizc Organisms 
B freslis 
All ctaers 


drops n question). It has been confirmed by Papa- 
rella =nd Brady in 1970.'? They postulate that 
bacter al and inflammatory toxins are absorbed 
across the round window membrane and damage 
the coehlea. So, if ototoxicity also occurs from the 
drops, what proportion is attributable to the disease 
as opposed to the treatment? We are obviously more 
com:otable blaming it on the disease. 


To-summarize the risks of the use of ototoxic anti- 
biotic ear drops, we can probably accept the idea 
that they are risky to apply in the middle ear during 
surgery, especially if the labyrinth has been opened. 
But im chronic otitis media, their widespread clini- 
cal v= with virtually no reported complications 
suggess that the risk cannot be very large. And if it 
is pre=nt at all, it is obscured by the effects of the 
diseas- itself. In fact, the risk must be weighed 
agains probably the greater risk of nontreatment. 


The second question is, are they effective at all? 
Topically administered antibiotics are placed on the 
exudir g surface of a lesion. The active infection is 
deepe in the tissue, and it is advancing in the op- 
posite direction of its discharge. It is difficult to 
show ~hat a topically applied agent would penetrate 
to thæ area in adequate amounts, which is proba- 
bly way the FDA has recently questioned the need 
for these preparations. Nevertheless, clinicians who 
use tam all the time think that they work just fine, 
and we are waiting for someone to come up with a 
well-Ontrolled study to prove it.” 


This brings us to the question of systemic antibi- 
otics Table 3). Admittedly, they are not often re- 
quirec but could be in uncontrolled infection, in the 
diabe-ic, the leukemic, the elderly, or the debili- 
tatec. Reviewing the aerobic organisms, we note 
that Froteus mirabilis responds to ampicillin or a 
cephaosporin. The other strains of Proteus are un- 
predictable; some are resistant to all available 
agent., but gentamicin and carbenicillin can be 
tried. E coli needs ampicillin or a cephalosporin; 
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Klebsiella. a cephalosporin; Enterobacter, an 
aminoglycoside such as gentamicin. Many agents 
are available for staphylococci: the anti-Staphylo- 
coccus penicillins such as nafcillin or oxacillin- 
cloxacillin, th2 cephalosporins, old-fashioned 
erythromycin, end even the aminoglycosides. For 
streptococci, try penicillin or practically all of the 
above. Pseudon onas is the difficult and stubborn 
actor here. An aminoglycoside with or without car- 
benicillin ts the correct choice. A few strains are 
becoming ~esistant to gentamicin but are handled 
by newer azents such as tobramycin or amikacin. 


Aminoglycosides do not reach therapeutic levels 
in the serum unless given by the parenteral route. 
But parenteral therapy means an expensive, lengthy 
hospitaliza-ion. And these drugs are nephrotoxic 
and ototoxic, and again they fail in treatment of 
anaerobes. 


For the anaerobic organisms, all are susceptible 
to penicillia (or cephalosporins for penicillin-aller- 
gic patients) except B fragilis, which requires clin- 
damycin or chloramphenicol. Clindamycin is, of 
course, the safer drug; and it will effectively 
manage all of the anaerobes listed here plus most 
aerobes except for Pseudomonas. It has the highly 
publicized disadvantage of causing a fulminating 
diarrheal d .sorder that can be fatal. When the drug 
was at its peak cf popularity, several outbreaks oc- 
curred in patients taking the drug — notably in St. 
Louis where it occurred in 10% of the patients. It 


also occurred in a few other communities but not 
nationwide in any uniform pattern. It is known 
now that the cause was overgrowth of an enteric 
clostridial organism probably endemic in those 
communities, which produced a toxin trat led to 
the enterocolitis. It can be effectively managed with 
vancomycin. 


The other disadvantage of clindamycin is that it 
crosses the blood-brain barrier poorly. Therefore, 
when intracranial spread of chronic otitis is 
suspected, treat with chloramphenicol. It attains 
cerebrospinal fluid concentrations of at least 50% 
of serum concentrations. It is effective against 
Gram-positive and Gram-negative organisms and 
against both anaerobic and aerobic organisms ex- 
cept for Pseudomonas. 


What of combinations for an emergency, such as 
otitic meningitis or brain abscess or intracranial 
contamination during ear surgery when the dura is 
penetrated? The obvious choice is chloramphenicol 
to cover B fragilis, plus an aminoglycoside to cover 
Pseudomonas. Remember, aminoglycosides cross 
the blood-brain barrier poorly, so they require in- 
tratheeal administration; but carbenicillin crosses it 
and can be given parentally. In such a combination, 
chloramphenicol and gentamicin cover most other 
organisms that might be present, but we often see 
anti-Staphylococcus penicillins added in to cover 
the occasional Staphylococcus that is resistant to 
gentamicin. 
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PANEL DISCUSSION 


DR. BLUESTONE (Moderator): It has been sug- 
gested by some people that antimicrobial therapy 
may not be indicated at all, but rather that just doing 
a myringotomy is indicated. Perhaps the antimicro- 
bial therapy is causing the problem im certain 
children, and we should resort to antimicrobial ther- 
apy only for those patients who don’t “respond well” 
in the natural course of events. Maybe the reason we 
are having these so-called “otitis prone” chi dren is 
because we are treating them with antimicrcbials as 
soon as they have the first sign of an earache. 


DR. KLEIN: We should consider that suppurative 
acute otitis media is an abscess, and that in scme pa- 
tients the abscess drains spontaneously. either 
through a perforation in the tympanic mer brane, 
or because the eustachian tube opens up temporari- 
ly and the pus is evacuated. In such child>zen an- 
timicrobial agents may not be necessary. Many 
children who had otitis media in the preamtibiotic 
era did not go on to have an extension of the infec- 
tion or generalized sepsis, and many recovered; but 
our hospitals were filled with children with mastoid 
disease and chronic suppurative drainage. There 
are some recent data on children who were treated 
alternately with placebo or an antimicrobia! agent; 
about a third of the placebo children had spon- 
taneous resolution. However, you cannot predict 
that any given child will resolve spontaneously. 


The majority of children continue to hase signs 
and symptoms of the suppurative event, and re- 
quire the specific antimicrobial agent fer that 
pathogen. Simply because some childrem recover 
without antimicrobial agents, we should not be 
deluded into limiting the great benefit tha- comes 
from antimicrobial therapy. 


DR. PARADISE: We would all agree that if we 
could safely get by with treating some episodes of 
acute otitis media without antibiotics, the psoblems 
of the emergence of resistant strains of bacteria, 
adverse reactions to antibiotics, and perhaps other 
problems such as persistence of effusion o> recur- 
rence of infection might be ameliorated. Hewever, 
what we need is not opinion but data. There are no 
studies as vet directed to the question of whether 
certain patients could be identified by their minor 
clinical characteristics and singled out fcr more 
conservative management without antimicrobial 
treatment, reserving antimicrobials for those who 
have more severe clinical features such a; fever, 
pain, toxicity, etc. 


It might be possible to separate what is perhaps a 
large majority of patients with relatively mi d acute 
otitis media from the more severe cases for an analy- 
sis of treatment versus no treatment. The problem 


63 


with previous studies that compared antimicrobial 
treatment with placebo is that there was no attempt 
to distinguish between more severe and less severe 
cases. The possibility therefore exists that the better 
outcome in the treated group as a whole was attri- 
butabæ solely to effects in the subgroup of severely 
affected patients. Investigation of such a possibility 
is very much needed. 


DE. BLUESTONE: Let me remind you that the Di- 
aman®Diamant study reported several years ago 
considered some 10,000 cases done in Sweden. All 
patiems received myringotomy initially. There was 
surgical drainage of the ear. The study compared 
those who had antimicrobial therapy and myringot- 
omy with those who had myringotomy alone. But 
there were flaws in that study, as Dr. Paradise has 


pointed out. 


Letus discuss the possibility of timing: allowing a 
certaia number of days to go by to see how the pa- 
tient is progressing; and if he is not doing well, then 
starting antimicrobial therapy. In this manner the 
immsanodefense system is allowed to operate and 
create antibodies, as was suggested by Professor 
Laure at the Second International Symposium on 
Otitis Media in Columbus three weeks ago. She sug- 
gestec that it is possible that we are stifling the im- 
mune mechanism by giving children antimicrobial 
therapy immediately. 


DR NEU: I think we ought to put the immuno- 
logical question to rest. There is a lot of controversy 
currently whether our protection against these or- 
ganisms is in any way related to the organisms that 
were present in the first place. The question may 
actualy be whether or not we should be colonized 
with certain strains of E coli, Bacillus cereus, 
Neisseria lactamicus or other organisms which have 
at their surfaces a cross-reacting polysaccharide, 
which may actually protect us. I think it is becom- 
ing more and more questionable whether these 
kinds of infections actually protect us against rein- 
fection. This possibility is, in fact, under study in 
great detail at NIH, both in animal and human 
modes. 


There were a couple of things in the previous dis- 
cussion that bothered me a little. One was the use of 
penicllin G as a drug. I would be quite concerned 
about that, because the children in whom we have 
used penicillin G orally (such as those who are 
recewing rheumatic fever prophylaxis) are in fact 
the kinds of children and the young adults out of 
whom Dr. K. Sprunt at Columbia was able to grow 
these fairly resistant strains of S viridans. And you 
can raove the pneumococci up in their MIC. It is 
very selective. It is actually the technique that 
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Harry Eagle used in 1943-44. I am not very worried 
about sulfa being in the environment, because it is 
there all the time. These children are small, and 
their mothers very sexually active young women 
who have a large number of urinary tract infec- 
tions. These women often have E coli in their gut 
and have flora tnat have been exposed to sulfa. So 
the whole family has been exposed to sulfa. 


The other thing is the question about the men- 
inges. We feel fzirly strongly about meningococcal 
prophylaxis. (W= had two families in one year in 
which three members in a family developed men- 
ingococcal meningitis. Furthermore, many of the 
group B meningococci strains are again sulfona- 
mide-susceptible, so we may be able to go back to 
sulfonamide prophylaxis.) Next, if you have a child 
who had H influenzae in a family, should yeu con- 
sider prophylaxis of H influenzae meningitis for the 
rest of the family? We are moving to prophylaxis in 
the immediate family. 


One thing that intrigued me as I heard the last 
presentation was the question of why we haven't 
used another drag, one which has not been men- 
tioned as yet: metronidazole. We are using it 
presently in the treatment of brain abscesses. It has 
been tremendoudy successful in the treatment of in- 
fections in England and in the Scandinavian coun- 
tries. It is really a fantastic drug. With Dr. Abram- 
son, the Chairmen of our Department of Otalaryn- 
gology, we have ust treated some chronic ears with 
the drug, orally. It is not approved by the FDA for 
this, but it penet-ates in tremendous concentration. 


Although we've had mixed infections with Pseu- 
domonas and anaerobes, once we have cleared up 
the anaerobes with metronidazole, sometimes the 
Pseudomonas has gone away. It is a little unfor- 
tunate that nobody in this country has looked at this 
drug. There is the question of its being a mutagenic 
agent, but it is orly mutagenic in one strain of mice. 
If a quarter of their entire food intake for two of the 
three years of tkeir life consists of metronidazole, 
then it becomes a mutagen. It does nothing to rab- 
bits, rats or similar animals. It does mutate Sal- 
monella. But so far, in man (at least in Europe and 
in England where it has been used extensively) there 
has been no problem, and it can be given orally. I 
think that this is something that perhaps otolar- 
yngologists ought to look into, because maybe if you 
actually eradicated the anaerobes, the Pseudo- 
monas might fade off. 


DR. PARADISE: On the penicillin G question, my 
suggestion was cne of desperation, because | don’t 
know a good drag that can be administered safely 
over a long period of time. I am concerned about 
sulfa from the standpoint of exposure to a large 
population, beczuse of the risk that occasional pa- 
tients may develop severe idiosyncratic reactions. If 
it were administered to relatively small numbers of 
patients, it migkt be relatively safe and effective. 


But I share a lot of apprehension about its wide- 
spread use. 


DR. BLUESTONE: Dr. Klein, you published the 
data to which Dr. Paradise alluded. What do you 
think about penicillin G as a prophylacti agent, or 
for that matter, as an antimicrobial for otitis 
media? 


DR. KLEIN: It is of interest that it has not been 
studied. The figures of in vitro susceptibility are 
very close for H influenzae (the non-@ lactamase 
producers), for ampicillin, and for peniillin G. I 
think there is every reason to consider the possibility 
that in most cases penicillin G might be just as effec- 
tive for those strains of H influenzae that are not 
8-lactamase producers. 


Dr. Neu did not mention an issue that I think we 
should bring up, and that is the concern for devel- 
oping resistance among pneumococci. We have 
heard about the increasing incidence of Y influen- 
zae that are B-lactamase producers ard have a 
specific reason for their resistance, ie, the produc- 
tion of this enzyme which inactivates penicillin G, 
penicillin V, ampicillin, and amoxicillin. But the 
reported penicillin resistance of the pnewmococcus 
is a different story. What we are concerned about is 
not only those unique strains that were identified in 
South Africa in May of 1977 that are completely re- 
sistant.’ There is also another problem. the phe- 
nomenon of moderately resistant strains First, let 
us consider a few statistics on MIC regarding what 
we mean by sensitive, moderately resistant, and 
resistant. The usual MIC of penicillin G necessary 
to inhibit the pneumococcus has a median value of 
0.01 ng/ml. Now, for the resistant strains in South 
Africa, the median is about 4 ng/ml; a 400% in- 
crease. We are now seeing in the United States an 
intermediate group, those that are moderately resis- 
tant, significantly more resistant than has been pre- 
viously noted, with an MIC of 0.1 to 1.0 ug. The in- 
cidence of these moderately resistant strains is still 
low; about 2% of strains of S pneumoniae recently 
tested in our laboratory have MICs in tris range. 
The moderately resistant group may not be amena- 
ble to our usual dosage schedules, and we may have 
to start adjusting dosage schedules to a higher 
range. We may see failures when the usua course of 
penicillin G is given for pneumococcal disease, and 
it may be associated with these moderately resistant 
strains. 

DR. BLUESTONE: Dr. Richard Michaels, who is 
the Chief of our Department of Infectious Diseases, 
has just reported two cases from Children s Hospital 
of Pittsburgh. So it is in the United States. 


Dr. Ginsburg, you said that you thought that 
when acute otitis media is present in adolescents 
and adults you wouldn’t worry about H i2zfluenzae. 
Do you feel that we can give agents other than those 
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we have been talking about for younger children to 
adolescents or adults? 


DR. GINSBURG: I don’t know. Several years ago 
we were told that after the age of two years we did 
not need to worry about H influenzae. Then it went 
to three, then four, and now it is ten years. I don’t 
really know where H influenzae ends as a eause of 
otitis media. However, I am aware that it has been 
shown to be a pathogen in older children. Certainly 
Dr. Sande’s group has shown that it is incriminated 
in acute sinusitis in adults. So it is conceivable, 
therefore, that it is a pathogen in older enildren 
with otitis. The question I have is: how frequently 
does one see the adolescent with acute otitis media? 
In our experience it is relatively uncommon. Now it 
may be that they are seen by the internist o- go di- 
rectly to the otolaryngologist. 


DR. KLEIN: I think Dr. Ginsburg is right. It is less 
frequent in older children and adolescents. But 
when it does occur, what is the microbiology? I am 
familiar with data of Dr. Richard Schwartz who re- 
cently reported a study of 18 cases of otitis media in 
patients 8 to 17 years of age. Six were Hemephilus. 
And there was Herberts’s study prior to tha-.? 


DR. BLUESTONE: Herberts’s study is nire years 
old and has been buried in the literature but it 
shows that there are numerous cases of H infuenzae 
otitis media in adults. So I think that we have to be 
very careful about prescribing antimicrobials that 
are not effective against H influenzae, eg giving 
penicillin V to an adult with an acute otitis media, 
even though H influenzae is less frequent ia adults 
than it is in children. 


The next question is epidemiology. Dr. Schwartz 
has us all frightened that the disease is zoing to 
move like a gale from Washington to Pittsburgh and 
points west; that we are going to start seemg huge 
numbers of resistant H influenzae. Dr. Klein has 
told us that he likes to use ampicillin as his drug of 
choice in Boston because he doesn’t have a high per- 
centage of 6-lactamase-producing H influenzae, 
and we in Pittsburgh would agree with him. How 
do you in Washington DC feel about this s-nce that 
area has been shown to have a high incidence? 


DR. FAIRBANKS: In patients who come to us with 
a primary infection, we usually use amoxicillin for 
initial treatment, and we think your figure: are cor- 
rect. Only 8% of all otitis media walking through 
our office door in Washington DC would de ampi- 
cillin-resistant H influenzae, so we will usually 
prescribe it. But if it is a referral case that has 
already been treated, most of us use errthromy- 
cin/sulfa combinations. 


DR. PARADISE: If you are thinking abcut using 
erythromycin and sulfonamides, you showld at the 
same time think about using as an alternative tri- 
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meth xorim-sulfamethoxazole (TMP/SMX), because 
the toxicity inherent is that of the sulfonamide 
rath= than the erythromycin. The efficacy is prob- 
ably bout the same unless one is dealing with a 
B-herplytic streptococcal infection, in which ef- 
ficac> remains questionable. The issue that argues 
in far of TMP/SMX over erythromycin/sulfa is 
that « parental compliance in administering medi- 
catios. Giving a medication twice a day is a lot 
easie for parents than giving it four times a day, 
and especially at six-hour intervals, which is really 
the id=al way to give sulfisoxazole. 


FIL OR COMMENT: That is a fallacy. Sulfisox- 
azole probably could be given twice a day rather 
than three times a day. The reason I know that is I 
was ast checking the original data. Probably we 
overeat them. 


DE PARADISE: If that is true I stand corrected. 


DE BLUESTONE: Dr. Klein, if the initial treat- 
ment with ampicillin has failed, what would you 
advise? 


DE KLEIN: I have my own question. What is the 
micr—iology of the children who have multiple epi- 
sode: of acute otitis media? They have a suppura- 
tive =,isode, they’re treated, they recover, the effu- 
sion Ses away. Then they come down with another 
case. and this occurs repeatedly during the first few 
year of life. The microbiology for those repeated 
episc des is identical to that of the child who has one 
episcade. It is still disease due to the pneumococcus 
and © influenzae. The upper respiratory tract flora 
does not shift to Gram-negatives or to anaerobes. In 
the child with acute, recurrent episodes, the recur- 
rencs are due to these two organisms and the 
strake-s do not shift in their resistance pattern. We 
have .ooked at this in children where we have iso- 
latec the organisms after multiple episodes, and 
whe-= the children have had repeated courses of 
therapy, and the MICs are virtually the same. I 
thin<this is a host problem and not a problem of in- 
creas ng drug resistance. 


D=. BLUESTONE: If your first drug failed, what 
wow 1 you prescribe then? 


DE. KLEIN: If we are talking about the child with 
an ate episode who is treated with ampicillin, we 
expect to see some resolution of signs and symptoms 
by Œ hours. After that time if the child is still toxic 
or = febrile, the ampicillin-resistant strains of 
Hex aphilus must be considered. If the child con- 
tin to be sick, then you must define the micro- 
biolagy, and I think tympanocentesis should be per- 
forracd. It is important to know the microbiology to 
be {re that it is not an S aureus or some other 
unus ial organism. If the child is not toxic, then 
switch to one of the drugs that would include cover- 
age br the ampicillin-resistant Hemophilus such as 
cefeador or TMP/SMX or erythromycin combined 


witl a sulfonamide. 
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DR. BLUESTONE: Dr. Ginsburg, how long should 
we treat our patients who have acute otitis media? 
And how do we get the patients to take their medi- 
cations for the recommended period? 


DR. GINSBURG: We recommend a period of 10-14 
days. I have surveyed the practicing pediatricians in 
Dallas, and the vast majority of them treat between 
12 and 14 days. Some have the patient return on the 
ninth day and look at the ear and see how it is do- 
ing, and others see them at 12 days. I think that 
otitis media is analogous to many other diseases in 
that there are really no good data on duration of an- 
timicrobial therapy. 


DR. NEU: Why don’t we ever grow rhinoviruses 
or coronaviruses, which are the major cause of up- 
per respiratory disease? Is it that the ear infection 
has occurred afterwards, and there is such a high 
concentration of interferon there? Interferon does 
inhibit these viruses. Has anybody looked at this? 


DR. KLEIN: The last study with significant data 
was about 1971.* The methods that were used were 
adequate for isolation of rhinoviruses. They used 
WI 38 tissue cultures. But nobody has used tech- 
niques adequate for coronaviruses, so these remain 
an open question. Such studies are expensive and 
have not been performed in recent years, so there is 
no conclusive answer. 


DR. NEU: Have any of you used counterim- 
munoelectrophoresis in the diagnosis? If you have 
gone to the trouble to do an ear tap and you have 
this material, you can know in 20 minutes whether 
or not you have group A Streptococcus and H in- 
fluenzae, or a pneumococcus. 


DR. KLEIN: The question has been looked at by a 
group studying middle ear effusions in Israel.* In 
fact, there are antigens present that can be iden- 
tified using counterimmunoelectrophoresis. I think 
the numbers were rot large, but the paper demon- 
strated that it was a promising technique. In some 
cases the organism was not isolated but the antigen 
was present. Certainly where patients had recently 
received antimicrobial agents, it would be a very 
fruitful mode of diagnosis. 


FLOOR QUESTION: Would it be getting too far off 
the subject to consider the importance of treating 
prophylactically with an antimicrobial and an anti- 
histamine-decongestant? 


DR. BLUESTONE: There has not been a study re- 
ported that satisfies critical clinicians that using an 
antimicrobial agent or decongestants or antihista- 
mines, either singly or in combination, is effective. 
There have not been conclusive studies as far as I’m 
concerned. 


3. Klein JO, Teele DW. Isolation of viruses and mycoplasmas from 
middle ear effusions: a review. Ann Otol Rhinol Laryngol 1976; 85: 140-4. 


4, Ostfeld E, Altmann E. Evaluation of countercurrent immunoelec- 
trophoresis as a diagnostic tool in bacterial otitis media. Ann Otol Rhinol 
Laryngol 1980; 89 Suppl 68:110-4. 


FLOOR COMMENT: Those of us who have rela- 
tively large surgical practices see populations some- 
what different from those in universities. Several 
things puzzle me. I am bothered by the fact that we 
are about to consider undertaking a number of stud- 
ies about a disease that we describe as chronic otitis 
media with effusion; this seems to be a wastebasket 
term, about on a par with, perhaps, dementia prae- 
cox. I wonder if we ought to define what disease we 
are studying before we attempt to figure out how 
we should control it. I would like some comments 
on this. 


And I wonder how the panel feels about the use 
of corticosteroids in an attempt to relieve the effu- 
sion after perhaps five or ten days of antibiotic 
therapy when the disease is, in terms of the infec- 
tion, reasonably under control. 


DR. BLUESTONE: We have two experts on defini- 
tions, Dr. Paradise and Dr. Klein, who were on Dr. 
Senturia’s ad hoc panel on definitions. Could you 
define chronic otitis media with effusion and the 
etiology thereof? 


DR. PARADISE: I think that all you can say is that 
otitis media is an inflammatory disease. Middle-ear 
effusion is the presence of liquid in the middle ear 
cavity. When it gets down to more refined defini- 
tions than that, more exact diagnostic techniques 
are needed, ranging from culture to biopsy with 
electron microscopy. 


There is a variety of ways of classifying disease — 
otitis media and a host of others — that become, in 
the end, arbitrary. My own view is that if you simp- 
ly describe as much as you know and no more than 
that, and try to identify as many features of the ill- 
ness as you can, that is the best you can do with 
classification. 


FLOOR COMMENT: Some of these children, per- 
haps, simply have wide-open eustachian tubes and 
everything that rolls out of the backs of their noses 
rolls straight into their ears. Others seem to have a 
nonfunctioning eustachian tube. In others, perhaps 
the adenoid has something to do with it, or perhaps 
allergies, and in some perhaps it is a reaction to a 
specific organism. What I am concerned with is not 
so much the definition of what is a chronic otitis 
media, but the fact that until the classification of 
some of the underlying conditions is made, we’re 
always going to have people who fall out on both 
ends of the spectrum, who do extremely well and 
extremely poorly, and it really is not a fair evalua- 
tion whether or not the therapy was effective. 


DR. BLUESTONE: Chronic otitis media with effu- 
sion possibly has multiple pathogenic mechanisms. 
In an individual child it may be one mechanism such 
as the in vivo model which was presented at the Col- 
umbus Symposium two weeks ago. That study in- 
volved American Indians in whom low resistance 
(semi-patulous) to the air flow through the 
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eustachian tube was described. It was postulated 
that they have “reflux of otitis media,” causing per- 
foration of tympanic membrane and discharge. They 
also have a low incidence of cholesteatoma. At the 
other end of the spectrum is the cleft palate child in 
whom the eustachian tube actually constrics. They 
have a high incidence of cholesteatoma. As was said, 
it is very difficult to do studies on the whole gamut of 
chronic otitis media with effusion without mowing 
something of the pathogenesis. 


FLOOR COMMENT: I would like to get the 
panelists’ ideas on the relative and absolute indica- 
tions for tympanocentesis. 


DR. KLEIN: Tympanocentesis is a di2gnostic 
technique which is available when the micrebiology 
of the disease is critical to appropriate manage- 
ment. This is not necessary for the vast ma ority of 
cases of children who present with acu otitis 
media. The microbiologic data that I p-esented 
from the 1] studies are so consistent that the physi- 
cian can initiate therapy with the information from 
those studies, without data from the ineividual 
child. However, there are circumstances were the 
microbiologic data are critical in appropriate 
management. For instance, we have found cases of 
otitis media in newborn infants, where tre signs 
simulate neonatal sepsis. This is an absce= where 
the organisms may be different from those seen in 
older children. They may include Gram-negative 
organisms, group B Streptococcus as well as 
Hemophilus and pneumococcus. In order to provide 
rational therapy to that newborn, you have to know 
the etiology of the disease. That is one situation. 
The second situation involves children who are 
critically ill at onset, who are very septic, and for 
whom the etiology is not apparent. You may not 
have time to wait for the results of the cultures to 
come back to provide the most appropriate therapy. 
When the child is critically ill, I think twmpano- 
centesis has a role. Third, tympanocentesis should 
be considered for the child who fails on therapy and 
is very sick. For that child, the microbial et ology is 
important in defining the rational therapy. Finally, 
tympanocentesis is appropriate for those who are 
immunocompromised, where they may have unusu- 
al organisms. One cannot rely on the data -hat has 
been accumulated about the etiology of otit s media 
for the abnormal host. 


I think these four circumstances require fympan- 
ocentesis. We do about three or four procedmres per 
week in a busy children’s service, so this is a rela- 
tively small percentage. 


DR. BLUESTONE: I would like to add to the list, 
regarding suppurative complications. If a child has 
an acute otitis media and an associated facial paral- 
ysis, I would perform a tympanocentesis/myringot- 
omy. I would probably also perform a myringot- 
omy in all the cases that Dr. Klein spoke about. As 
an otolaryngologist, I would initially pe-form a 


tympenocentesis to obtain a middle ear aspirate and 
then enlarge the opening for adequate drainage. 
Anotker example of a suppurative complication 
woulc be mastoid periostitis, with acute infection of 
the m ddle ear space and mastoid. We believe that 
imme liate myringotomy (and culture) is very im- 
portamt in the prevention of subperiosteal abscess 
and st bsequent mastoidectomy. 


DR KLEIN: There is a point in regard to culture 
techn=que that we should note. After having done a 
myringotomy and having an outpouring of the pur- 
ulent naterial from the middle ear, I have seen our 
otolaryngologists then take a cotton-tipped wire 
loop, put it into the external canal, mop up the 
purulent material and send it off to the laboratory. 
That s inadequate because you are culturing the 
contaminants in the canal in addition to the agent 
presert in the middle ear fluid. Myringotomy, rath- 
er thai needle aspiration, as Dr. Bluestone has said, 
is fine, if you maintain purity of the material from 
the m-ddle ear. 


DR. BLUESTONE: You certainly will not get a 
satisfectory culture if only the tip of the myr- 


ingctamy knife makes contact with the middle ear 
fluid. 


We did not answer the question about cortico- 
steroics for chronic otitis media with effusion. I will 
take this opportunity to attempt to answer that 
question. There is a double-blind study that Dr. 
Schwertz performed in Washington DC which 
looks sromising. He has compared steroids versus 
placebo in chronic otitis media with effusion, and 
he ha seen improvement in those patients put on 
syster_ic corticosteroids over a short period of time. 
We need further studies that show whether or not 
this cen be replicated in other centers with larger 
numbers of patients. 


FLCOR QUESTION: Dr. Neu mentioned metro- 
nidazcle, and I would like to ask him what advan- 
tage it would have over clindamycin. We feel that 
clindamycin is effective against Bacteroides, and it 
has the advantage of having bone concentration 
where the cholesteatoma is advancing and eroding 
bone. 


DR. NEU: It has been used for treatment of facial 
osteomyelitis with good success. For osteomyelitis 
there are about a dozen groups around the country 
studying its use. 


You mentioned one thing that is very important: 
the Cbstridium difficile is the cause of the necrotiz- 
ing emerocolitis due to clindamycin. We have not 
seen Æ case due to metronidazole. The last three 
cases we have had in our institution from whom we 
have solated the organism and found the toxin 
were cue to TMP/SMxX, to ampicillin, and to cepha- 
lexin. Actually, any antibiotic, except probably 
erythmmycin, or vancomycin given orally, can 
cause “his. 
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Acute maxillary sinusitis is a disease of varied etiology. Over half of the cases are caused by Streptococcus pneumoniae and 
Hemophilus influenzae. Anaerobic bacteria account for another 10% of cases and these are usually of dental origin. The rest of the cases 
are caused by several other bacteria, each of which cause a small proportion. Rhinoviruses, influenza, and parainfluenza viruses also in- 
vade the sinuses and probably lead to secondary bacterial infection. Diagnosis of acute sinusitis on clinical grounds is difficult. Sinus trans- 
illumination and x-ray are the most valuable routine tests available. Ampicillin, amoxicillin, trimethoprim-sulfamethoxazole, 2nd cefaclor 
have been shown to be effective treatment for most cases of acute sinusitis. Infection persists when there is inadequate or inappropriate 
treatment. The patient may become relatively asymptomatic in the face of persistent active infection. Follow-up clinical end x-ray ex- 
aminations are indicated, when possible, to detect treatment failures. Although not a routine diagnostic procedure, sinus puncture and 
aspiration may be of value in the seriously ill patient or one who has not responded to treatment. 


Approxinaately 0.5% of common colds are com- 
plicated by sinus infection.’ As adults average two 
to three colds per year and children six to eight, 
sinusitis is one of the most common infectious prob- 
lems seen in outpatient practice. Despite the fre- 
quency of the disease, progress has been slow in the 
development of satisfactory methods for its diagno- 
sis and treatment. Also, while the bacterial etiology 
of acute maxillary sinusitis in adults is now well 
established, this knowledge has not been widely 
disseminated among physicians. Streptococcus 
pneumoniae and Hemophilus influenzae cause over 
half of all cases of acute maxillary sinusitis, and yet, 
when treating the disease, physicians often fail to 
prescribe an antimicrobial which is effective against 
both of these bacteria. 


Knowledge about the etiology of sinus infections 
comes from studies in which the culture specimens 
were obtained by direct puncture and aspiration of 
the sinus cavity.7-* This method of sampling avoids 
contamination of the specimens with the bacterial 
flora of the nasal fossae. This is important, since a 
culture of the nose or throat is not an accurate way 
to determine which bacteria are growing in the si- 
nus cavity. There has been good agreement among 
the findings of the various studies of patients with 
acute maxillary sinusitis in which puncture and 
aspiration were used. The causes of acute infection 
of the other sinuses and of the disease in children 
have not been well established but are presumably 
similar. 


Because of the importance of the pneumococcus 
and H influenzae, ampicillin has been recom- 
mended as the drug of choice for the treatment of 
acute sinusitis. Three newer antimicrobials are now 
available which have activity against these two bac- 
teria. These are amoxicillin, trimethoprim-sulfa- 


methoxazole, and cefaclor. This paper compares 
the results of an earlier trial using ampicillin, amox- 
icillin, and trimethoprim-sulfamethoxazole® to a 
more recent study of cefaclor. It also includes find- 
ings relating to the diagnosis and microbia! etiology 
of acute maxillary sinusitis observed in this and 
earlier studies.’* 


METHODS 


Population. The study was conducted with 113 patients, ages 
18-62, who presented to otolaryngologists. This group was se- 
lected on the basis of the otolaryngologists’ impression that the pa- 
tients might have acute bacterial sinusitis. The patients’ com- 
plaints included facial pain, purulent nasal discharge, and less 
commonly headache and fever. No patient had received antimi- 
crobial treatment in the two weeks before enrollment in the 
study. 


Clinical Evaluation. Transillumination and x-rays of the si- 
nuses were performed on some patients. Puncture and aspiration 
of one or both maxillary antra were performed on all patients 
prior to antimicrobial treatment. Seven to ten days after institu- 
tion of therapy, patients returned for clinical evaluation and 
repeat sinus aspiration and culture. 


Specimen Collection and Testing. The area of themares below 
the inferior turbinate was cleansed by action suction and swab- 
bing and then treated with Betadine®. The site was then 
anesthetized with 10% cocaine solution. The medial wall of the 
antrum was then punctured with a 12-gauge needle end any fluid 
present in the sinus was aspirated with a syringe. If fluid could 
not be obtained, 1 ml of normal saline, without preservative, was 
instilled into the cavity and then aspirated back intorthe syringe. 
After the air was expelled, the syringe was capped and delivered 
to the laboratory. 


Portions of the sample of the undiluted specimen were in- 
oculated into blood and chocolate agar for aerob.c bacterial 
cultures and into roll tubes under CO, for anaerobic bacterial 
cultures. In addition, hundredfold dilutions of the specimen were 
inoculated into the media to quantify the bacteria present in the 
aspirate. A sample of the aspirate was also tested in numan em- 
bryonic lung cells (WI-38) and Rhesus monkey kidney cells for 
viruses. 
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TABLE 1. COMPARISON OF RESULTS OF SINUS 
TRANSILLUMINATION AND SINUS ASPIRAT ON IN 
PATIENTS WITH ACUTE MAXILLARY SINUSITIS 


Number of Abnermal 
— Transillumination _—Sinuses____Aspwate* —__ 
Normal 18 1 ( 6%) 
Dull 26 7 (27%) 
Opaque 23 23 (0%) 


*The presence of fluid on direct aspiration and/or > 1000 WBC/mm?’, 
and/or = 10* CFU of bacteria/ml in the aspirate. 


Antimicrobial Treatment. Patients were treated oraly with an- 
timicrobials on one of the following schedules: 1) ampicillin — 2 
g/day in four divided doses; 2) amoxicillin — 1.5 g/dmy in three 
divided doses; 3) trimethoprim — 80 mg, sulfamethoxazole — 
400 mg, two tablets twice a day; 4) cefaclor — 1 g/day in two 
divided doses. (For reasons given below, this dose was later in- 
creased to 2 g/day given in four divided doses.) The patents were 
treated with ampicillin and trimethoprim-sulfametl=xazole in 
random assignment and with the amoxicillin and cefaelor in con- 
secutive order. The antimicrobials were initially givea for seven 
days. When an infection was found to have persisted until the 
time of the repeat puncture, treatment was extended fər an addi- 
tional seven to ten days. 


RESULTS 


Diagnosis. The clinical features of the ~>atients’ 
illnesses were of little help in making the c_agnosis 
of acute sinusitis. The history of purulent rasal dis- 
charge and of facial discomfort or pain, the two 
most common complaints, did not correlate well 
with puncture results. Fever occurred in caly half 
of puncture-positive cases and other objective signs, 
such as facial tenderness, were too infrequent to be 
useful. A history or objective evidence of periapical 
dental infection was helpful in recognizing the ap- 
proximately 10% of patients whose sinus fection 
was of dental origin. In these patients, m xed an- 
aerobic infections were the rule. 


Transillumination of the sinuses was of value in 
the hands of some but not all otolaryngologists par- 
ticipating in the study. It appeared most helpful 
when the results were placed into three ca-egories: 
normal, dull, and opaque. Normal light t-ansmis- 
sion correlated well with the absence of evidence of 
infection, as determined by puncture (Table Li. 
Conversely, a finding of complete opacity was a re- 
liable indicator of active infection, Appro=mately 
one third of the patients examined by trarsillumi- 
nation were judged to have partial reduction of 
light transmission (“dull”) and only a third of these 
patients had an abnormal aspirate. It should be em- 
phasized that all of the patients examined were 
thought to have had previously normal sirmses. In 
patients with chronic sinus disease, the results of 
transillumination are less helpful because of persis- 
tent mucosal abnormalities. 


Forty-eight aspirates were obtained from sinuses 
that were considered to be abnormal by x-ray ex- 
amination (Table 2). Thirty-four (71%) ef these 
were found to be infected by puncture. The abnor- 
malities seen on x-ray were air-fluid level, present 
in 18 (37%); complete opacity in 18 (37%): and 


TAB _# 2. COMPARISON OF RADIOGRAPHIC FINDINGS 
WIT 4 CULTURE RESULTS IN 43 PATIENTS (58 SINUSES) 
WITH ACUTE MAXILLARY SINUSITIS 





Number of Positive 

Raegraph Sinuses Culture* 
Abno-mal 48 34 

Air tuid levelt 18 16 

Opacity 18 10 

Mı»sal thickening (>5 mm) 12 8 
Norma 10 2 


*Baeteria (> 10* CFU/ml) and/or virus. 
tMusal thickening also present in three cases. 


mucosal thickening in 12 (25%). Of the 34 sinuses 
with positive cultures, 16, 10, and 8 had air-fluid 
leveL opacity, or mucosal thickening, respectively. 
Two the 10 sinuses with a normal radiograph also 
had 2 positive culture. 


Tte measurements of mucosal width were taken 
near ‘he lateral angle of the sinus between the air 
inter-ace and the bone, using the Water’s view. A 
muce al thickness of approximately 5 mm tended to 
discr minate between those with a positive punc- 
ture and those in whom the puncture was negative. 
Above 5 mm, the puncture was usually positive. 


Baterial and Viral Cultures. One hundred-forty 
aspirates were obtained from the 113 patients. 
Some patients had aspirates obtained from both an- 
tra, ead some of the specimens contained more than 
one organism. All of the bacteria reported were 
present in titers of equal to or greater than 10* 
colory-forming units per ml. There was a strong 
corrdation between bacterial titers of this magni- 
tude and the presence of white cells in the aspirate. 
Culteres containing fewer organisms (most often 
aerot xc Gram-negative bacteria) were thought to 
have been contaminated during handling. 


The most common isolate was the pneumococcus, 
with <7 strains, or 43% (Table 3). Next in frequen- 
cy were unencapsulated strains of H influenzae, 27 
strain (31%). Nine percent of the bacterial isolates 
were anaerobes; these were usually in mixtures (eg, 
fusobecteria, anaerobic streptococci, and Bacter- 
oides Branhamella catarrhalis accounted for 5% 


TABLE 3. BACTERIA AND VIRUSES ASSOCIATED WITH 
«CUTE MAXILLARY SINUSITIS (86 POSITIVE 


ASPIRATES* ) 
a 
Microorganism No. (%) 


£ pneumoniae 37 
influenzae 27 
»naerobic bacteria 8 
E catarrhalis 5 
=-Streptococcus 3 
© aureus 3 
2 
2 
2 
l 
ri 
3 
2 
es 
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© pyogenes 
“on-group A 8-hemolytic Streptococcus 
F aeruginosa 
F coli 
Ehinovirus 
(ofluenza type A 
-arainfluenza 
*Thescilture was negative in 63 (42%) of 149 aspirates tested. 
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TABLE 4. COMPARISON OF SIMULTANEOUS NASAL 
SWAB AND SINUS ASPIRATE CULTURES IN PATIENTS 
WITH ACUTE MAXILLARY SINUSITIS 


Recovery Site 


Nose Sinus Nose and 
Bacteria Alone Alone Sinus 
S epidermidis 24 0 0 
Diphtheroids 14 0 0 
S aureus 9 ] 0 
H influenzae 6 l 5 
a-hemolytic Streptococcus 3 0 l 
B catarrhalis 3 0 l 
S pneumoniae 2 2 l 
Micrococcus species 2 0 0 
Proteus species 2 0 0 
S pyogenes l 0 l 


of infections. Alpha-hemolytic streptococci and 
Staphylococcus aureus each were associated with 
3% . Beta-hemolytic streptococci (4%) and aerobic 
Gram-negative bacteria (3%) accounted for the 
rest. Viruses were recovered from 12 specimens, 
sometimes in association with bacteria. Seven rhin- 
oviruses, three influenza type A, and two parain- 
fluenza viruses were identified. No microorganisms 
were recovered from 63 aspirates (42% of the 
total). 


Nasal swab cultures obtained prior to steriliza- 
tion of the puncture site did not correlate well with 
cultures done on the sinus aspirate (Table 4). Staph- 
ylococcus epidermidis and diphtheroids were fre- 
quently present in the nose but never recovered 
from the sinus. S aureus was found in the nose on 
nine occasions but in the sinus aspirate only once. 
This reflects the relatively frequent nasal carriage of 
this organism which has lead to its overdiagnosis as 
a cause of acute sinusitis. H influenzae was obtained 
six times from the nose alone, once from the sinus 
alone, and five times from both the sinus and the 
nose. Likewise, pneumococci, a-streptococci, B 
catarrhalis. and Streptococcus pyogenes were 
sometimes implicated as pathogens and other times 
found only in the nasal carrier state. A patient 
might have one potential pathogen (eg, H influen- 
zae) in the nose while another (eg, S pneumoniae), 
which was the true cause of that patient’s disease, 
was recovered from the sinus. 


Antimicrobial Treatment. A total of 25 patients 
received ampicillin. Of these, 13 had positive cul- 
tures (Table 5). Fifteen sinuses were studied in these 
13 patients. H influenzae was recovered from six of 
the patients and seven of the sinuses. On follow-up 
examination, five of the six patients were improved 
clinically. On repeat puncture, four of the six 
sinuses were sterile. The patient with no improve- 
ment gave a history of discontinuing ampicillin 
treatment after two days because of diarrhea. At 
this time, there were 10° and 10’ CFU of H influen- 
zae in the sinus aspirates, indicating persistence of 
active infection. Five patients (six sinuses) had 
pneumococcal infection and all improved with 
treatment. Repeat punctures were negative. Two 


TABLE 5. RESULTS OF ANTIMICROBIAL TREATMENT* 
OF PATIENTS WITH ACUTE MAXILLARY SINUSITIS 


No. 
Sinuses 
Sterile 


Therapy, No. No. Patients No. 
Bacterial Isolates Pts. _ Sinuses Improved Tested 
Ampicillin 
H influenzae 6 7 5 4/6 
S pneumoniae 5 6 5 4/4 
a-Streptococci 2 2 2 2/2 
Total 13 15 12 10/12 
Amoxicillin 
H influenzae 6 8 6 4/6 
S pneumoniae 2 3 2 2/3 
S pyogenes 2 2 2 NDt 
Anaerobic bacteria l ] l ND 
B catarrhalis l ] l 1/1 
E coli l ] ] 1/1 
P aeruginosa l l ] ND 
Total 14 17 14 8/1] 
Trimetheprim-sul- 
famethoxazole 
S pneumoniae 8 10 8 7/8 
Anaerobic bacteria 5 5 5 4/5 
H influenzae 2 3 2 2/2 
B catarrhalis 2 2 2 2/2 
S aureus l l ] 1/1 
Non-group A 8-hemo- 
lytic Streptococcus l l 0 0/1 
Total 19 22 18 16/19 
Cefaclor 
S pneumoniae 12 17 9 8/12 
H influenzae 6 10 4 8/10 
a-Streptococcus l l l ND 
F necrophorum l ] ] ND 
S aureus l 2 l 2/2 
P aeruginosa l ] l 1/1 
Total 22 32 17 19/25 


* After initial 7-10 days of treatment. 
tND - Not done. 


patients had infection with a-streptococci. Both im- 
proved and repeat punctures were negative. 


A total of 22 patients received amoxicillin; 14 had 
positive cultures, and they accounted for 17 sinuses 
studied. H influenzae was cultured from six patients 
(eight sinuses). Six of the eight patients were im- 
proved on follow-up and four of six sinuses had neg- 
ative cultures. In both of the sinuses with positive 
cultures, the bacterial titers had fallen to low levels 
(10? CFU/ml). Two patients (three sinuses) had in- 
fections with pneumococci. Both patients showed 
clinical improvement. Two of the three sinuses 
were negative on repeat culture, but in one the titer 
was still 10° CFU/ml. Two patients (two sinuses) 
yielded a group A 6-hemolytic Streptococcus. Both 
of the patients improved clinically, but follow-up 
punctures were not done. Anaerobic bacteria, B 
catarrhalis, Escherichia coli, and Pseudomonas 
aeruginosa were present in one patient each. All of 
these patients improved, and the two sinuses in 
which punctures were done had become sterile. 
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Thirty patients received trimethoprim-sulfemeth- 
oxazole. Nineteen (22 sinuses) had evidence of in- 
fection on puncture. Eight patients (10 sinuses) had 
pneumococci. Eight patients were improved and 
seven of eight sinuses were sterile on repeat cı lture. 
A low bacterial titer (10? CFU/ml) was present in 
the aspirate from the one sinus in which infection 
was still present. Five patients had mixed anaerobic 
infections. All five patients improved; four of five 
sinuses were negative. In one there was stil! a low 
titer of a Bacteroides species. Two patients each had 
H influenzae and B catarrhalis: both patients im- 
proved and their sinuses were negative on -epeat 
culture. S aureus and a non-group A ß-herolytic 
Streptococcus was present in one patient each. The 
clinical and bacteriologic response was satisfactory 
with the S aureus, but the patient with the strep- 
tococcal infection remained symptomatic and had a 
positive culture (105 CFU/ml). 


A total of 33 patients received cefaclor, 22 (32 
sinuses) of whom had proven infection. Twelve pa- 
tients (17 sinuses) had pneumococcal infection. 
Nine of the patients were improved when they re- 
turned for follow-up examination, and eight of the 
12 sinuses had negative cultures. Sinus aspirates 
from four patients still contained high titers of 
bacteria. Three of these four patients were placed 
on 2 g/day of cefaclor for an additional six or seven 
days and repeat punctures were found to be 
negative. Six patients (10 sinuses) had H influenzae 
infections. Four of these patients had a satisfactory 
response. Two patients remained symptomati2, and 
the repeat cultures were still positive (> 10’ 
CFU/ml). One of these individuals was on 1 z/ day 
of cefaclor; the dose was increased to 1.5 g/ Gay for 
an additional 10 days, and the repeat punctu-e was 
then found to be negative. The other patient was on 
a 1.5 g/day dose of cefaclor. (When the -epeat 


punctare was positive, the patient was placed on 
amoxi=llin, 1.5 g/day following which repeat 
aspira on was negative.) In one patient with 
a-strep ococcal and another with Fusobacterium 
necroy 2orum infection, clinical responses were sat- 
isfactawy; punctures were not repeated. One patient 
(two muses) had a S aureus and another a P 
aerugrwsa infection. Clinical responses were 
satisfaory, and on repeat puncture the sinuses 
were erile. 


DISCUSSION 


The clinical improvement and bacteriologic re- 
sponses seen with the four antimicrobials were simi- 
lar. Mest patients improved during the period of 
treatment, and cultures of the sinus aspirates 
became negative. The dosage of cefaclor which was 
initial ~ used did not appear to be adequate. A 
higher dose (30 mg/kg) which is similar to that used 
for the treatment of otitis media (30-40 mg/kg) 
shoulc probably be used for the treatment of acute 
sinusitis. 


The above results were combined with findings 
from ia earlier small study using clindamycin. In 
73 pacents who were judged to be adequately 
treated (the patient gave a history of taking the 
drug r the prescribed course and the bacterium 
showe= in vitro sensitivity to the antimicrobial 
used), there were 66 (90% ) bacteriologic “cures.” * 
In contrast, in the six instances where patients gave 
a histary of not taking the full course of the antimi- 
crobia as directed or in vitro resistance of the 
bacter am was present, there were no cures at the 
time Cf repeat puncture. Thus, these findings are 
furthe- evidence for the effectiveness of anti- 
microbcs in the treatment of acute sinusitis. 


*Stert æ culture or titer decrease > 10° CFU/ml on repeat puncture. 
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ETIOLOGY AND ANTIMICROBIAL THERAPY OF PARANASAL 
SINUSITIS IN CHILDREN 


PAUL A. SHURIN, MD 


CLEVELAND, OHIO 


Paranasal sinusitis in children is discussed in terms of pathogenesis, diagnosis, etiology and antimicrobial therapy. 


GENERAL CONSIDERATIONS 


Sinusitis is generally considered to occur fre- 
quently in children. However, objective diagnostic 
techniques to establish the presence or etiology of 
the disease have not been widely used. For instance, 
the validity of specific clinical findings in differen- 
tiating sinus infec-ion from uncomplicated rhinitis 
has not been well established, and some of the radi- 
ographic findings which are thought to be indica- 
tions of sinusitis are very frequently found in radio- 
graphs of normal children.' Because of these diag- 
nostic difficulties, adequate information concerning 
the incidence of the disease and its optimal therapy 
is not yet available. 


PATHOGENESIS 


Sinusitis appears most frequently to be a compli- 
cation of a viral upper respiratory infection. Sug- 
gested mechanisms for this relationship include a) 
local vascular congestion, b) narrowing and ob- 
struction of the sinus ostia, c) alterations in the local 
milieu for bacterial growth, and d) reduction in the 
effectiveness of mucociliary action. 


Disease entities which have been associated with 
sinusitis in children are listed in Table 1. Nasal 
allergy is thought to be a major cause of sinus 
disease in children. Sensitivity to environmental 
allergens, to foods, and to drugs such as aspirin 
have all been incr:minated. The various malforma- 
tions and traumatic defects presumably affect the 
sinuses by obstructing their ostia. Clouding of the 
sinuses and mucosal thickening have frequently 
been identified radiologically in children with cleft 
palate,’ but the clinical significance of this is not 
clear. Radiologic signs. of sinusitis have been re- 
ported to be seen especially frequently in children 
with cyanotic congenital heart disease.* The sinus 
alterations may be due to vascular engorgement 
and proliferation of venous channels. Chronic sinus 
infection might contribute to the frequent occur- 
rence of such complications as brain abscess in these 
children. Sinus disease in children with cystic fibro- 
sis is generally identified in conjunction with the 
nasal polyps which are a frequent manifestation of 
the disease: the highly viscous mucus secretions may 


also play a role in sinus disease. The manifestations 
of Kartagener’s syndrome (situs inversus, bron- 
chiectasis, and sinusitis) appear to result from a 
structural defect in cilia throughout the body.* The 
ciliary abnormality in Kartagener’s syndrome has 
recently been termed the “immotile cilia syn- 
drome.” Since approximately half the reported 
cases have not had situs inversus, this defect should 
be considered in the differential diagnosis of chil- 
dren with chronic or recurrent respiratory infec- 
tions. The diagnosis can be suggested by physiologic 
tests of ciliary clearance and documented by ultra- 
structural examination of the respiratory epitheli- 
um. Sinus infection may occur in immunodeficien- 
cy disorders of all types. However, these disorders 
are uncommon in comparison to the frequency of 
sporadic cases of sinusitis; it is in general necessary 
to consider immune defects only when the sinusitis 
is unusually severe or persistent or when there has 
been significant infection of other organs-as well. 


DIAGNOSIS 


The diagnosis of sinusitis in infants and children 
is suggested by the presence of purulent rhinorrhea 
and nasal obstruction in conjunction wita systemic 
signs such as fever and irritability. Other manifesta- 
tions include headache or a sense of ful.ness, ten- 
derness over the involved sinus, or a disturbed sense 


TABLE 1. DISORDERS ASSOCIATED WITH 
PARANASAL SINUSITIS 





1. Anatomic 
. Nasal malformations 
. Nasal trauma 
. Tumors and polyps 
. Cleft palate 
. Foreign bodies 
Dental infection 
e. Cyanotic congenital heart disease 


memo em 


2. Physiologic 
barotrauma 
3. Abnormalities of Local Defense Mechanisms 
a. Allergy 
b. Cystic fibrosis 
e. Immotile-cilia syndrome and Kartagener's syndrome 
4. Abnormalities of Systemic Defense Mechanisms 
Immunodeficiency, primary or secondary 
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TABLE 2. BACTERIAL SPECIES IDENTIFIED IN SINUS 
EXUDATES IN ACUTE MAXILLARY SINUSITIS*? 


Bacterial Species Percent of Cases 





S pneumoniae 25-45 
H influenzae 13-30 
Group A -hemolytic streptococci 2- 6 
Neisseria sp. 0- 1 
S aureus C-10 
Enteric Gram-negative bacilli l- 9 
None (sterile exudates) 20-30 


of smell. Because these signs are nonspecific, in 
pediatric practice the diagnosis is often considered 
only when local or systemic spread of infection has 
occurred. 


ETIOLOGY 


Specific identification of the causative organisms 
in sinusitis requires culture of aspirated sinus secre- 
tions by appropriate methods. Because potentially 
pathogenic bacteria are found in the nasal passages 
of most or all normal children, culture cf nasal 
secretions is not helpful and may give misleading 
results. Sinus aspiration is indicated when accurate 
bacteriologic diagnosis is needed. Specific indica- 
tions for sinus aspiration include 1) sinusitis in 
children who are seriously ill or who appear toxic, 
2) the presence of a sinus infection which has not 
responded to initial antimicrobial drug therapy, 3) 
the onset of sinusitis in a patient who is receiving 
antibiotics, 4) the presence of suppurative com- 
plications, and 5) sinusitis in debilitated or im- 
munologically deficient patients. In each of these 
instances, both specific identification of the 
causative organism or organisms and in vitro an- 
tibiotic susceptibility tests may be essential to prop- 
er patient management. The procedure may be per- 
formed by cannulation of the ostium of the affected 
sinus or by antral or frontal puncture. Cape is re- 
quired to avoid contamination of the secretions by 
nasal material. Examination of Gram-stained 
smears is necessary to provide a rapid presumptive 
diagnosis and to help exclude consideration of bac- 
teria which may later appear as contaminants in the 
cultures. Children who are ill enough to require 
these procedures should have cultures of blood and 
usually of such other potentially infected sites as the 
cerebrospinal fluid. Few systematic investigations 
of the bacterial etiology of sinusitis in children have 
been performed. Thus, much of the available infor- 
mation is derived from studies in which adequate 
cultures have been obtained from adults with acute 
maxillary sinusitis (Table 2).5° Streptecoccus 
pneumoniae and Hemophilus influenzae are the 
predominant bacterial pathogens, one of these two 
organisms having occurred in 50 to 75% of eases in 
various studies. It should be emphasized that infec- 
tion due to H influenzae occurs frequently at all 
ages although it may be most common in young 
children. The majority of H influenzae strains 
isolated from infected sinuses are nontypabie and 
thus differ from the strains causing such serious in- 


TAELE 3. ANAEROBIC BACTERIA ISOLATED FROM 
SURGICAL SPECIMENS OF PATIENTS WITH 
CHRONIC MAXILLARY SINUSITIS" 


Beerial Species Percent of Cases 





Anaerchic streptococci 57 
B funtiformis 14 
B fragz 14 
B me»xmänogenicus 4 
Veillcretla 11 
Corynebacteria sp 4 
Microeccus 4 


fectians as meningitis. Group A 8-hemolytic strep- 
tocoe= have been involved in a small proportion of 
cases. Many early investigations have incriminated 
Staptelococcus aureus as an important pathogen in 
sinus s. However, this organism is rarely identified 
if car= is used to avoid contamination of the sinus 
spec mens with nasal material. A major problem in 
interp eting reports of the bacterial etiology of 
acut2 sinusitis is the large number of additional 
bact2=- al species which have been incriminated in a 
small proportion of patients. Because of the difficul- 
ty o sbtaining satisfactory culture material, par- 
ticulasly from young children, the importance of 
bact=~a other than S pneumoniae and H influenzae 
as agents of acute sinus infection cannot be evalu- 
ated a present. Unusual or drug-resistant bacterial 
infeetion might be suspected when an acute infec- 
tion Cees not respond to antibacterial therapy. Fur- 
ther zttempts at obtaining a specific diagnosis 
woud be indicated in such cases. Aspirated sinus 
exuceres have been bacteriologically sterile in ap- 
proximately 25% of cases. A few such cases have 
vielced respiratory viruses when appropriate tissue 
cultu>= techniques were used;' the relation of infec- 
tious æents to most such cases is unknown. 


Ch>nic sinusitis is unusual in children. Recent 
studie of this disorder have shown that anaerobic 
bacte=a can frequently be isolated from sinus secre- 
tions tained at the time of surgery (Table 3).'° 
This f ading is of importance in that such anaerobic 
infect.ns may require different antibacterial thera- 
py from that given for the common agents of acute 
sinusi s. Moreover, the potential clinical impor- 
tance f anaerobic infection is shown by the fact 
that the bacteria involved are the same as those 
gene-aly isolated in brain abscesses and other in- 
tracranial complications of chronic sinus infection. 
Thus, anaerobic cultures are required to define the 
bacterzal etiology of cases of chronic sinusitis. 
Severa bacterial species are often present and the 
organ ms are those which are part of the normal 
oral and upper respiratory flora. Therefore, in 
suspecæd anaerobic infection, culture material 
shoud be obtained surgically with strict attention 
to avcad contamination from nonsterile areas. An- 
aerob e infection is suggested clinically by a) the 
preser ee of a foul-smelling discharge, b) the occur- 
rence cf infection following surgical procedures or 
denta infection, c) the presence of tissue destruc- 
tion acd abscess formation, and d) by a mixed flora 
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seen in Gram sains or aerobic cultures which are 
negative.'' Mcst reported cases of anaerobic 
sinusitis have been of long duration. Bacteroides sp 
and anaerobic streptococci are the most common 
bacterial isolates in such cases, but a variety of 
other organisms may be present. 


THERAPY 


Attention to anatomic abnormalities and their 
surgical correction, investigation of allergies and 
removal of potentially significant allergens, and 
therapy of any underlying disorders are utilized 
when indicated Local and systemic decongestants 
are widely used in the therapy of sinus disease; there 
is, however, nc documentation that they provide 
more than trans ent, symptomatic relief.'?:'’ 


Many investigations have shown that systemic, 
orally administered antibiotics provide sympto- 
matic and objec-ive improvement in acute sinus in- 
fections. In uncomplicated cases in which the 
causative organism is not known at the time of 
diagnosis, antibiotics active against both pneu- 
mococci and H influenzae are required; the drugs 
and dosages usec are the same as those employed for 
children with acute otitis media. Based upon the 


available evidence, these considerations are the 
same for all age groups beyond the neonażal period. 
In the first weeks of life, sinus infection with group 
B Streptococcus and enteric Gram-negative bacilli 
has been reported. For such infections, broad-spec- 
trum antibiotic therapy, usually including an 
aminoglycoside (gentamicin or kanamycin) plus a 
penicillin (ampicillin or penicillin G) is required in- 
itially; modifications may be made when culture re- 
sults are available. At all ages, organisms other than 
S pneumoniae and H influenzae have been isolated 
from a considerable proportion of cases. Therefore, 
in unusually severe cases parenteral administration 
of broad-spectrum antibiotics in high doses is re- 
quired until culture reports are available and a 
favorable clinical response has occurred. The 
therapy of sinus infection due to less common bac- 
terial species is dependent upon identification of the 
organism and its antibiotic susceptibility. Surgical 
drainage is most important in chronic infection 
with anaerobic bacteria. For the majority of such 
infections, penicillin G or ampicillin provide effec- 
tive antibacterial therapy and should be used in 
high doses. Alternative drugs for treatment of 
anaerobic infections include chloramphenicol and 
clindamycin, and these should be considered when 
penicillin-resistant bacteria have been identified. 
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ETIOLOGY, DIAGNOSIS, AND ANTIMICROBIAL TREATMENT OF 
PHARYNGITIS AND PHARYN SOTONSILLITIS 


JACK L. PARADISE, MID 
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This review focuses on clinically important aspeets of the etiology, diasmosis, and antimicrobial treatment of pharyngitis and 
pharyngotonsillitis. Most episodes of throat infection are of viral etiology, and <=ordingly are not susceptible to antimicrobial drugs cur- 
rently available. By contrast, streptococcal and other varieties of bacterial pharyasitis do call for appropriate antimicrobial treatment. The 
review encompasses a discussion of clinical, bacteriolegical, and serological «iagnosis; an algorithm for decision-making about an- 
timicrobial treatment that is based on both clinical findings and culture results: and a summary of treatment regimens, emphasizing the 
management of streptococcal throat infection. 


ETIOLOGY cold œ bronchiolitis or viral pneumonitis, and also 


h iti lly without date. 
Microorganisms of many kinds cause pharyngitis. pharyngis; USUAL WHOM RI Seeker 


Those most familiar, of course, are bacteria and Rh» ovirus, the principal cause of the common 
viruses; but Mycoplasma, and Toxoplasma — cold. also can cause pharyngitis, again usually 
which can be acquired from pet cats — also can witha t an exudate; less commonly, coronavirus 
cause pharyngitis. Monilia infections of the mouth, has bæn implicated as a cause of pharyngitis. 


especially in infants but sometimes in older, im- 
munocompromised patients, can by direct spread 
lead to pharyngitis as well. 


He-ves simplex virus most commonly causes the 
adult *cold sore,” or, in infants and young children 
befor= a degree of immunity has been established, 


Of bacteria, three organisms that we know of are gingi~>stomatitis. In other instances the virus can 
important agents in the etiology of pharyngitis: the cause -exudative or nonexudative pharyngitis, main- 
Group A -hemolytic Streptococcus, Coryne- ly in dder children and adults. 


bacterium diphtheriae, and, apparently more com- 
monly of late, Neisseria gonorrhoeae. There exists 
the possibility — not yet investigated fully — that 
pharyngitis may be caused also by other respiratory 
pathogens, particularly the prevalent Strep’ ococcus 
pneumoniae, Hemophilus influenzae, and Staphy- 


Re-piratory syncytial virus is the principal agent 
of br-nchiolitis in infants, but like the aforemen- 
tioned respiratory viruses, it also can cause a spec- 
trum #f upper and lower respiratory infections, in- 
cludec among which is pharyngitis, with or without 


i i i exuda e. 

ococcus aureus; occasional cases unquestionably 

due to Group B or C -hemolytic streptocacci have Tt= Epstein-Barr virus may cause — apart from 
been reported. Rarely, exudative pharyngitis may the caracteristic mononucleosis syndrome with its 
be the principal manifestation of tularemia.’ range of possible complications — simple pharyngi- 


Among the viruses, I have singled out those that tis w-h or without exudate. 


seem to be the most prominent causes of pisaryngi- In.evenza virus causes not only influenza, but on 
tis, based on a review of the literature. While they occasion, simple pharyngitis. 
all can cause pharyngitis, some of them tend to 


cause other infections more frequently amd more Cessackie A virus. The best known and most 


comroon manifestation of infection with this virus is 


importantly the cease herpangina. This variety of pharyngitis 
Adenovirus may be responsible for the common is cha-acterized by small vesicles with erythematous 
cold and for conjunctivitis, but its most important bases. soon becoming ulcers, scattered over the 
manifestation probably is pharyngitis. The illness ante’-or pillars, tonsils, palate, and posterior 
may or may not be accompanied by exudste, and phar,nx. Another much less common type of Cox- 
from a clinical standpoint is not distinguishable sack= A infection is known as acute lymphonodular 
from -hemolytic streptococcal pharyngitis or other pharsangitis; the lesions are similar to those of her- 
varieties of exudative pharyngitis. pangia, but less ulcerated and more nodular in ap- 
Parainfluenza virus, the principal cause-of croup eer 
in infants, can sometimes cause instead theeommon Cr omegalovirus infection is often asymptomat- 
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ic, but also may cause a wide range of illnesses in 
patients of all ages, including pharyngitis. The 
pharyngitis occurs as one component of an infec- 
tious mononueleosis-like illness, in which the 
pharyngitis tends to be less prominent and milder 
than in infectious mononucleosis itself. 


Much of our epidemiologic information about the 
etiology of pharyngitis and tonsillitis comes from a 
study reported by Glezen and colleagues in 1967? 
involving 715 patients with throat infection seen in 
two pediatric practices in Chapel Hill, N.C. Most of 
the subjects were in preschool and elementary 
school age groups, but a few were adolescents and 
young adults. In the age group below two years of 
age, only 3.4% of the patients were found to have 
positive throat cultures for group A -hemolytic 
streptococci. He wever, apparent streptococcal in- 
fection became much more common after age two: 
positive cultures were found in 29.4% of the 2- to 
5-year age group, 51.7% of the 6- to 8-year age 
group, 37.6% œ the 9- to 1l-year age group, and 
45.5% of the 12- to 14-year age group. Among pa- 
tients 15 years cf age or older, the frequency was 
considerably lower, but the total number of such 
patients studied was small. In the study population 
as a whole, sligk tly more than one third had posi- 
tive cultures for group A streptococci. 


Although this study was completed over ten years 
ago, and isolation techniques for some types of 
viruses were probably not adequate, nonetheless 
respiratory virus2s were recovered from 50% of all 
subjects under two years of age with pharyngitis. 
The proportion fell off sharply in older children. 


Mycoplasma aso was looked for in all of these pa- 
tients. The organism was virtually absent in 
younger infants and children, but became increas- 
ingly prevalent in the latter years of childhood and 
early adolescence. 


DIAGNOSIS 
STREPTOCOCCAL PHARYNGITIS 


Since from the standpoint of treatment it is strep- 
tococcal pharyng tis that is of principal concern, its 
diagnosis deserves detailed consideration. The most 
characteristic clirical features are fever, sore throat 
that may or may not be severe, difficulty in swal- 
lowing, exudate, enlarged tender anterior cervical 
lymph nodes, anc in children a scarlatiniform rash. 
It is important -o recall in this connection the 
phenomenon in infants known as streptococcosis. 
characterized not by pharyngitis but by chronic 
rhinitis, often with excoriation of the skin at the 
margins of the nares, cervical lymphadenopathy, 
and failure to “do well.” Often these infants, rather 
than being invest gated and treated properly with 
penicillin, tend to be either overlooked or mis- 
diagnosed as having “colds” or “allergy.” 


The sudden onset, in association with a sore 


throat, of coryza, hoarseness, or cough, should lead 
one away from a clinical diagnosis of streptococcal 
disease, although by no means excluding the possi- 
bility 

For a specific diagnosis of streptococcal infection, 
cultures are helpful but cannot be relied upon ex- 
clusively. In about half the patients from whom 
streptococci are cultured it is not possible to detect a 
rise m antistreptococcal antibodies, and it is 
reasonable to conclude that such patients are prob- 
ably carriers of streptococci who are experiencing 
associated viral infections. Offsetting and com- 
plicating this observation is the fact that a signifi- 
cant minority of patients who have symptoms of 
pharyngitis and who prove to be culture-negative 
subsecuently do develop rises in antistreptococcal 
antibody titers indicating that the episodes in ques- 
tion had indeed been streptococcal. The culture is 
thus far from a perfect instrument for detecting 
streptecoccal throat infection. In reviewing the 
problems of precise diagnosis, Wannamaker con- 
cluded that attempts to identify in advance patients 
at risk of developing nonsuppurative complications 
(ie, rheumatic fever and glomerulonephritis) result 
in a vast margin of error.* Depending on clinical 
findings, the clinician can often guess with fair ac- 
curacy whether patients have streptococeal infec- 
tions, end can certainly refine the guesses by obtain- 
ing cul-ures. However, even when the results of cul- 
ture are available, diagnosis is not certain without 
antibody studies, and such studies under ordinary 
circumstances of practice hardly seem justifiable. 


PHARYNGITIS DUE TO EPSTEIN-BARR VIRUS 
INFECTION 


I wil not review Epstein-Barr (EB) virus infec- 
tion except to point out that in instances when in- 
fectious mononucleosis is suspected, and the clinical 
findings seem at odds with the heterophile antibody 
or Monospot® test results, a battery of EB virus an- 
tibody tests can help determine whether er not EB 
virus infection is currently active.‘ 


TREATMENT 
STREPTOCOCCAL PHARYNGITIS 


For £ number of reasons it is advisable te treat all 
patients with streptococcal pharyngitis with an ap- 
propriate antimicrobial drug. There is first of all 
more certain improvement and more rapid relief of 
symptons in treated than in untreated patients, 
although the difference is not dramatic, usually in 
the range of 24 to 36 hours. Next, there is the 
likelihood that with treatment we can prevent 
various local suppurative complications, particular- 
ly peritonsillar or retropharyngeal abscess, or cer- 
vical lymphadenitis, cellulitis, or abscess. Whether 
there is efficacy in preventing the development of 
otitis media or sinusitis is questionable. 


As fo> the prevention of nonsuppurative compli- 
cations, the one of greatest concern is of course 
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rheumatic fever. Herein lies the most important 
reason for treating with penicillin or an equ-valent 
drug, for reasonably prompt treatment shoald vir- 
tually eliminate the possibility that rheumat:> fever 
will develop. Unfortunately, however, such is not 
the case with acute glomerulonephritis, which ap- 
pears not to be preventable by early antistrertococ- 
cal treatment. 


Whether antibiotic treatment of a single qpisode 
of streptococcal pharyngitis lowers the risk o£ recur- 
rent streptococcal episodes is not known; it s2ems a 
fair inference but has never been establishec Early 
treatment probably can effectively preveat the 
spread of streptococcal infection to others — a goal 
that seems particularly worthwhile if the in ection 
involves a nephritogenic strain of Streptococcus. 


A number of regimens for treating streptococcal 
pharyngitis are acceptable. The most certain in- 
volves administering a single injection of 900,000 
units of benzathine penicillin G combined with 
300,000 units of procaine penicillin G. Equally ef- 
fective, but considerably more painful, is to give an 
injection of benzathine penicillin G only, 1,200,000 
units to patients 10 years of age and olds, and 
600,000 units to younger patients. 


An alternative to these intramuscular regimens is 
to prescribe phenoxymethy] penicillin (penicllin V) 
orally, 250 mg three or four times daily, irresdective 
of age, for a ten-day period. One can afford to be 
generous with the dose because the drug is relatively 
inexpensive and nontoxic, and using large doses 
may perhaps help compensate for occasiona_ lapses 
in compliance. 


Valid arguments can be made both fer and 
against administering penicillin intramuscularly. 
The overriding advantage of the intramascular 
route is that treatment is both certain and com- 
pleted immediately, and the problem of pocr com- 
pliance with oral regimens is bypassed. On the 
other hand, there are disadvantages, not the east of 
which is pain. Children become very upset about 
injections, and subsequent rapport becomes more 
difficult. Moreover, intramuscular administration 
is more likely than oral to result in penicilin sen- 
sitization, especially if the drug used is procaine 
penicillin G, which quickly breaks down to ecompo- 
nent substances that are probably more al 2rgenic 
than the penicillin itself. Finally, in treating pa- 
tients who may previously have been sensitized un- 
knowingly, the risk of inducing anaphylaxis & much 
greater if penicillin is administered intramuscular- 
ly. 


On balance, intramuscular injection would ap- 
pear preferable if a) the patient is very ill and 
vomiting and it seems doubtful that he or she will 
be able to retain oral medication; or b) + seems 
unlikely that the drug is going to be administered by 
the family as prescribed; or c) the patient tas had 
repeated recurrences of streptococcal infecton de- 


spite œ gh-dose oral penicillin treatment with each 
episoce; or d) the patient has rheumatic heart dis- 
ease ard the most certain method of administration 
is a neoessity in order to minimize the risk of a rheu- 
matic ecurrence. 


If the patient is allergic to penicillin, currently 
accep: able alternatives would consist of erythromy- 
cin cr a cephalosporin, 40 to 50 mg/kg/day in di- 
vided doses. 


PRESUMABLY NONSTREPTOCOCCAL PHARYNGITIS 


I wauld like to call attention to a study by Meren- 
stein and Rogers that is not often quoted, but re- 
mind: is that we have much to learn about treating 
throa infection. The study was begun as an in- 
vestiztion of the functions of nurse-practitioners in 
famil> physicians’ offices. In the course of the 
study the investigators established an algorithm 
based bn clinical symptoms and signs — eg, the 
presence of high fever, toxicity, severe pain, ex- 
udate, and lymphadenopathy — to indicate wheth- 
er or cot an individual episode of pharyngitis was 
probally streptococcal. The study protocol in- 
volved identifying all patients who, according to 
the exorithm, probably had streptococcal pharyn- 
gitis. and assigning each of them randomly and in 
doub=blind fashion to either a penicillin- or a 
place x9-treated group. All subjects received throat 
cultuses initially; those in the penicillin group who 
subsequently proved to be culture-negative had 
penic Jin discontinued at that point, while those 
who sx<oved to be culture-positive were continued 
on peacillin. 


In =amining the clinical results after the first 24 
hours, the investigators found, not to their surprise, 
that «mong the culture-positive subjects those who 
had been treated with penicillin fared better symp- 
toma =ally than those receiving placebo; of 17 on 
penic lin 14 (78%) were definitely improved with- 
in 24 urs, as compared with only 5 of 14 (385%) on 
place=> — a significant difference. They next ex- 
amine] results among the patients who proved to be 
cultu-+-negative, and now much to their surprise, 
founc that after 24 hours there had been definite 
impre’ement in 8 of the 16 (50%) treated with 
penic lin, but in only 1 of 14 (7%) treated with 
plac=—o, again a statistically significant difference. 


Several possible explanations of those findings 
come -o mind. First of all was the possibility that 
bactesiological technique had been faulty and that 
there 1ad been a high proportion of false-negative 
cultis. However the technique used was a stan- 
dard ene that has been well established. Another 
possi lity, alluded to above, was that penicillin- 
sens tive organisms other than Group A streptococci 
had been involved etiologically in some of the pa- 
tient“ episodes. Finally was the possibility that, 
desp&= the apparent statistical significance, the 
findiazs had occurred by chance, and a repeat 
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study with larger numbers of subjects might show 
differing findings. This study has apparently not 
been replicated but it raises the question whether 
the only variety of pharyngitis that responds to 
penicillin is 6-h2molytic streptococcal pharyngitis. 

Based on ther findings, Merenstein and Rogers 
proposed the following algorithm for systematic de- 
cision-making regarding penicillin or other antibi- 
otic treatment o€ én individual episode of pharyngi- 
tis. We use this algorithm in our current study of in- 
dications for tonsillectomy:° 


If a streptococcal infection seems likely on the basis of clin- 
ical findings, obtain a throat culture and begin treatment. 
If the culture preves to be positive, continue treatment for 
a total of ten days. If the culture proves to be negative, in- 
quire about the pat-ent’s course. If there has been marked 
improvement wi-hin 24 hours, continue treatment for a 
total of ten days despite the negative culture. If, on the 
other hand, the patient is little or not at all improved, stop 
treatment. 


If a streptococcal infection seems unlikely — ie, the pa- 
tient has acute coryza, or lacks most of the symptoms and 
signs mentioned above as characteristic of streptococcal 
pharyngitis — obtain a culture but refrain from treating. 
If the culture proves negative, continue to withhold treat- 
ment. If the culture proves positive, proceed to treat, even 
though in perhaps half the instances the patient will have 
been a Streptococcus carrier who does not have a strep- 
tococcal infection. 


Treatment of other known bacterial causes of 
pharyngitis is as follows. For diphtheria the princi- 
pal treatment is of course specific antitoxin, sup- 
plemented by intramuscularly administered peni- 
cillin, or in penicillin-sensitive patients, orally ad- 
ministered erythromycin. For gonoccocal pharyngi- 
tis, the treatment of choice is penicillin intramus- 
cularly, or in penicillin-sensitive patients, tetra- 
cycline orally. For all forms of tularemia the drug 
of choice is streptomycin, of necessity administered 
intramuscularly. 
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CEFACLOR IN MANAGEMENT OF STREPTOCOCCAL PHARYNGITIS, 
OTITIS MEDIA, AND SKIN INFECTIONS 


R@BERT B. KAMMER, MD 


INDIANAPOLIS, INDIAN. 


Cefaclor, a semisynthetic cephalosporin antibiotic ‘or oral use, was studie». by 62 clinical investigators in six countries in 3,084 adult 
and pediatric patients. The pooled data reveal that sa sfactory clinical respoases were obtained in 96% of the streptococcal pharyngitis 
cases, 93% of the cases of otitis media, and 97% of skir nfections. Administra ĐÐn of this antibiotic was associated with a low incidence of 
adverse reactions, including 73 gastrointestinal and 34 Fypersensitivity reactiams Of particular clinical interest were the outstanding results 


obtained in the treatment of otitis media. 


INTRODUCTION 


Since most oral cephalosporins have onl limited 
activity against strains of Hemophilus influenzae, a 
pathogen commonly seen in ear, nose, ami throat 
infections, these drugs have not been widel. used in 
otolaryngology practice. However, a mew oral 
cephalosporin, cefaclor, offers good activit- against 
not only H influenzae but also Streptococces pneu- 
moniae and many other species of Grampositive 
and Gram-negative bacteria.'~® 


Preclinical toxicology studies showed that the 
drug has a low order of toxicity in animals Several 
investigators evaluated the clinical pharr=acology 
of the compound.” ™ Peak serum levels æter oral 
administration were one half to three four~hs those 
of cephalexin administered in equal dosace. Fifty- 
five to 80% of the drug was recovered unckanged in 
the urine, indicating that it is excreted prir arily by 
the kidneys. As a result of these promising preclin- 
ical evaluations, a large-scale efficacy tesing pro- 
gram was implemented, eventually involvmg 62 in- 
vestigators from six countries. 


MATERIALS AND METHODS 


Four hundred forty-five patients were treated for Upper respi- 
ratory infections (mostly streptococcal pharyngitis). Am addition- 
al 263 patients, mostly children, were treated for otitis nedia and 
532 patients with skin infections were also treated wr cefaclor. 
The data on these patients were collected and poole 


TABLE 1, CRITERIA FOR SYMPTOMATIC CLINICAL 
EVALUATION 


Disappearance or im orovement 
during therapy of the patient's 
signs and symptoms dte to the in- 
fection 


Same as above, only the signs and 
symptoms recurred af er comple- 
tion of the treatment period 

No improvement of signs and 
symptoms 

Protocol not followec_ poor pa- 
tient cooperation, noneempliance, 
etc 


Satisfactory 


Satisfactory with recurrence 


Unsatisfactory 


Unable to evaluate 


From Lilly Research Laboratories, Eli Lilly and Company, Indianapolis. 


The incidence of side effects was evaluated in 3,084 patients 
who ræeived the drug. These studies utilized the protocol and cri- 


teria 4 scribed below. 


The therapeutic effectiveness and safety of cefaclor were eval- 
uatectin various types of bacterial infections including streptococ- 
cal pharyngitis, otitis media, and skin infections. For each type of 
infect «n, evaluation of the effectiveness of cefaclor was based on 
stric: clinical (Table 1) and bacteriologic criteria. In all cases, 
hister and physical examination were required to document the 
diagne=is before therapy. Dosages employed in these trials dif- 
fered sightly with the diagnosis and are summarized in Table 2. 
Follow-up clinical evaluation was carried out in all patients at the 
end > 2efaclor therapy. Only cases meeting all of the clinical and 
bactes blogic requirements were judged evaluable in these 
studie In addition, specific bacteriologic and clinical re- 
quiresents pertinent to the particular diagnosis are listed below. 


Strstococcal Pharyngitis. Throat cultures (swabs) were taken 
within days before therapy, within 48 hours after therapy (early 
post:Lerapy), and again 12 to 16 days after therapy (late post- 
therasy). Isolates were kept for typing should a posttherapy cul- 
ture = ain be positive for a group A Streptococcus. Typing was 
ther 2=rformed in an attempt to differentiate failures from rein- 
fectia@s. 

Ote=s Media. Tympanocentesis and culture of aspirated middle 
ear ‘Lod were undertaken within 24 hours before cefaclor ther- 
apy. Gepeat tympanocentesis and culture were done in most 
cases. f there was a poor clinical response. 

Skee Infections. Pretherapy culture of the lesion was under- 
taken mcluding aspiration of abscesses and tissue biopsy when ap- 
propm .te. Cultures were repeated if the infection persisted. 


CLINICAL RESULTS 


U-per Respiratory Infections. Pharyngitis was di- 
agnosed in 442 cases. Sixty-four of these patients 


TABLE 2. CEFACLOR DOSAGE 


Streptococcal pharyngitis 
Adults — 250 mg every 6 or 8* hr 
Children — 20 mg/kg/day every 6 or 8* hr 
Duration — 10 days 

Otitis media — children 
40 mg/kg/day every 6 or 8* hr 
Duration — 10 to 14 days 

Skin infections 


Adults — 250 mg every 6 or 8* hr 
Children — 20 mg/kg/day every 6 or 8* hr 
Duration — 5 to 14 days 


*U eal dosage employed. 
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TABLE 3. UPPER RESPIRATORY TRACT INFECTIONS 
M T M 
No. of 


Eacterielog ic Response Patients 


Early posttherapy 


Cure 427 

Fai ure 18 
Late posttherapy 

Sterile cul ure 378 

Reiafection, new pathogen 13 

Reiafection, original serotype 36 

Patients failed to return 18 


also had torsillitis. Group A Streptococcus was the 
pathogen encountered in 442 of these cases. There 
were also 3 addit onal patients treated for sinusitis. 
making a total of 445 patients. The symptomatic re- 
sponse was either satisfactory, recurrent, or unsatis- 
factory. At the early posttherapy culture, there 
were 427 cures ard 18 bacteriologic failures. At the 
late posttherapy culture, there were 378 cures: 13 
patients had been infected with a new organism, 
and there were 36 who were reinfected with the or- 
iginal serotype. These data have been summarized 
in Table 3. 


Otitis Media. Two hundred sixty-three children 
with otitis media were treated with cefaclor. Ap- 
proximately equal numbers of boys and girls parti- 
cipated in the trial, although their age distribution 
was not uniform. There was a small group of chil- 
dren under 6 months of age, a substantial group 7 to 
12 months of age, and smaller numbers of older 


children (Table 4). 


S pneumoniae, the most frequent organism ob- 
tained at tympanecentesis, was seen in 127 cases in- 
cluding 11 cases where there were multiple organ- 
isms, usually founc with H influenzae. Group A 
streptococci were found in 12 cases. Staphylococcus 
aureus was recovered in 22 cases. These clinical 
isolates were not contaminants from the external 
auditory canal. Sterile cultures from the canal were 
obtained prior to tympanocentesis. H influenzae, 
also a frequently encountered organism, was 
isolated in 85 cases, of which there were nine treat- 
ment failures. A -otal of 276 organisms were 
isolated from these 263 cases (Table 5). There were 
19 treatment failures. Thus, there were 244 cures in 
263 patients (93%). 


Skin Infections. There were 532 skin infections. 
Table 6 shows the diagnosis and symptomatic re- 
sponse for these infections. There were 515 satisfac- 
tory responses (97 %), 8 recurrences, and 9 failures. 


TABLE 4. SEX AND AGE DISTRIBUTION OF OTITIS 
MEDIA CASES EVALUATED FOR EFFICACY 





Total 
Age Male Female Patients 
2-6 mo 19 16 35 
7-12 mo 62 57 119 
1.1-3 yr 26 33 59 
3.1-14.9 yr 26 28 54 


Totals 133 134 267 


TABLE 5. PATHOGENS ISOLATED BY 
TYMPANOCENTESIS FROM OTITIS MEDIA CASES 


Single Multiple Total 


Isolates Isolates Isolates 

S pneumoniae 127 (6) 1] 138 (6) 
Streptococcus group A 1] ] 12 

S aureus 21 (2) ] 22 (2) 

S epidermidis 4 (1) ot) , iar 

H influenzaet 74 (8) 9 (1) 83 (9) 
Hemophilus sp 6 6 
H parainfluenzae l l 
N catarrhalis 2 l 3 
Neisseria sp 3 ] 4 

Totals 249 (17) 27 (2) 276 (19) 


Number of total isolates classified as failures shown in parentheses. 
“Not present in tympanic membrane culture prior to tym panocentesis. 


[Of 83 strains, 7 were resistant to ampicillin in vitro. No clinical failures 
were encountered in this group. 


S aureus accounted for the largest number of 
microorganisms encountered, followed by group A 
Streptococcus; when they occurred, multiple- 
pathogen infections were almost invariably S aureus 
mixed with group A Streptococcus. 


ADVERSE EXPERIENCES 


Among the 3,084 patients who received cefaclor. 
135 had adverse reactions or abnormal lab values 
that their physician felt were drug related. In an 
additional 205 patients, adverse experienees of un- 
certain etiology occurred and the role of the test 
drug, if any, could not be established. 


The major adverse effect categories and their ob- 
served incidence are summarized in Table 7. No ser- 
ious adverse effects were seen during these trials. 
Mild gastrointestinal upsets were the most eommon 
type of adverse reaction reported. These included 
40 reports of diarrhea and 21 of nausea. some of 
which occurred in the same patients. Mild 
hypersensitivity reactions were seen infrequently 
(34 reactions). The reactions observed included rash 
(17) and pruritus (6). 


Hematopoietic reactions were encountered, al- 
though none were serious and all were promptly re- 
versible upon discontinuance of therapy. These in- 


TABLE 6. SKIN INFECTIONS — PRIMARY 
DIAGNOSIS AND CLINICAL RESPONSE 


Symptomatic Response 


Primary Diagnosis 5t Rİ Uf Total 





Impetigo 249 fi 5 261 
Pyoderma 114 ] l 116 
Cellulitis oe | 53 
Abscess, subcutaneous 59 59 
Wound infection, traumatic 19 19 
Wound infection, postoperative 9 l 10 
Skin ulcer, infected 5 ] 6 
Miscellaneous 8 8 

Totals 515 8 9 532 


*S - Satisfactory. 
TR - Recurrent. 
f - Unsatisfactory. 
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TABLE 7. ADVERSE EXPERIENCES ENCOUN BERED 
DURING CEFACLOR TRIALS 





Gastrointestinal 


Diarrhea 
Nausea 
Dyspepsia 
Miscellaneous 


ure A À 


Hypersensitivity 
Rash 
Pruritus 
Miscellaneous 


Boon 


Hematopoietic 
Eosinophilia 
Lymphocytosis 
Leukopenia 
Leukocytosis 
Miscellaneous 


Total 


u uumi N 


— 


cluded 67 instances of eosinophilia and 35 of lym- 
phocytosis, mostly in small children. There were 
also 12 reports of leukopenia, between 3°00 and 
4000 WBC/cu mm. In all cases, a definite -elation- 
ship to drug therapy could not be establist-ed. 


Elevated SGOT values were found in 22 patients 
and elevated SGPT in 10. No evidence of o~ert hep- 
atic disease was noted in any patient. Enæme ab- 
normalities were all transient and mild. 


DISCUSSION 


Cefaclor is readily absorbed from the gastrointes- 
tinal tract, and is active against those pathogens 
commonly found in infections of the upper 
respiratory tract and skin and skin structures. 


Of particular interest in the studies reported here 
are the excellent results obtained with cefaclor in 
the treatment of otitis media. The continued isola- 
tion =f H influenzae resistant to ampicillin in this 
disez lends particular importance to the develop- 
men? of a new oral agent for its treatment. 


Tl erapy with cefaclor was associated with a low 
incicence of adverse effects. In fact, no serious side 
effecs were encountered. In 58 penicillin-allergic 
patiexts treated with cefaclor, one skin rash was the 
only seaction reported. 


In this summary of data collected from 62 in- 
vestzators, it is clear that cefaclor is safe and effec- 
tive athe treatment of a variety of infections due to 
suscentible organisms. It can be concluded, there- 
fore. that cefaclor is a promising new oral antibio- 
tic, aarticularly effective in the treatment of infec- 
tious diseases like otitis media and streptococcal 
pherrngitis encountered frequently by ear, nose, 
anc throat specialists. 
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PANEL DISCUSSION 


DR. BLUESTONE (Moderator): Drs. Ellen Wald 
and Victor Schramm have joined our panel. Dr. 
Schramm has recently published an article on or- 
bital cellulitis. Dr. Schramm, do we have any new 
information on the etiology of sinusitis? 


DR. SCHRAMM My information is derived from a 
review of 140 chi dren with a complication of sinus- 
itis, specifically orbital cellulitis with or without 
meningitis. One fourth of the patients had been 
treated with an orally administered antibiotic prior 
to hospitalization. These patients had experienced 
progression of their disease while on oral therapy. It 
is apparently psychologically difficult for physi- 
cians to obtain cultures by maxillary sinus aspira- 
tion in children. Cultures of conjunctival drainage 
or soft tissue aspirates had little correlation with 
blood or sinus cultures. Nasal cultures were inac- 
curate as compared to sinus or blood cultures except 
when they grew 5 pneumoniae or H influenzae. In 
this series, Staphelococcus infections were extreme- 
ly rare and no ampicillin-resistant H influenzae 
were identified. 


DR. BLUESTONE: So, you will agree with the 


percentages of organisms that were presented by 
both Dr. Gwaltney and Dr. Shurin. 


DR. WALD: Studies that I am familiar with were 
performed on youngsters who were having ventila- 
tion tubes inserted, and in which sinus aspirates 
were obtained at -he time of tube placement. About 
a third of them at zhat time were found to be col- 
onized with the same organisms that we associate 
with acute middle ear disease and acute sinusitis, ie, 
Hemophilus and sneumococcus. 


DR. FAIRFANKS: Before someone decides to go out 
to initiate the definitive study on sinus aspirates, I 
will remind you that the maxillary sinus does not 
reach the level of the floor of the nose until (on the 
average) age 8 to 10 years. So in some very young 
children, if the nferior meatus approach to the 
sinus is used, you will not be able to get the needle 
through the thick nasal bone no matter how hard 
you push. One of the reasons we do not see studies 
of sinus aspirates “or cultures is the difficulty of per- 
forming the procedure. 


DR. BLUESTONE: Let us consider the list of in- 
dications for aspiration in acute sinusitis. We agree 
that the organisms that were listed by both Dr. 
Gwaltney amd Dr. Shurin are the ones we are seeing 
and are the same organisms, essentially, which have 
been found -n acate otitis media. 


Now, since you brought up the subject of aspira- 
tion of the maxil ary sinuses, Dr. Shurin, will you 
answer Dr. Fairbanks’s concern about aspiration of 
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sinuses in children? Do you think that his concern is 


well-founded? 


DR. SHURIN: I think it is. But I really do not have 
any experience since I personally do not de this pro- 
cedure. I would like to return with a question. Can 
x-rays help you delineate the margins of the sinus, 
when you are planning a procedure of this sort in a 


child? 


DR. FAIRBANKS: Yes, they can, because the 
sinuses grow differently in different children. In 
50% of the children it takes to age 8 to W for the 
maxillary sinus to reach the level of the floor of the 
nose. So some children will be good candidates for 
aspiration while others will not. 


DR. WALD: Other objections that have been 
raised, at least in the literature, concern damage to 
the teeth and the fear of osteomyelitis. I do not 
know if these are legitimate objections, and I would 
ask your opinion. 


DR. SCHRAMM: We have reviewed the sinus 
radiographs of 100 patients with orbital cellulitis 
and compared them with 100 age-matched patients 
who had facial x-rays following trauma. We looked 
specifically at the radiographic development of the 
paranasal sinuses and attempted to determine what 
was “normal” mucosal thickening and opaeification 
at various ages. The maxillary sinus is developed 
adequately in 3-year-old children to allow sinus 


aspiration, and in many 2-year-old children this 
could be done. 


Under age 2, where orbital complicatiens of si- 
nusitis are most common, maxillary sinus aspiration 
would generally not be clinically practical though 
the sinus outline can be well defined. I do not think 
there will be any problem with the dentition be- 
cause the teeth are anterior and lateral to the loca- 
tion of the aspiration in the inferior meatus. The 
bone in this area may be slightly thicker in small 
children and this should be kept in mind when en- 
tering the sinus. Osteomyelitis should not be a prob- 
lem in a patient concurrently treated with an ap- 
propriate antibiotic. 


Regarding the appearance of the mucosal lining 
of the maxillary and ethmoid sinuses there is no 
thickening, opacity or asymmetry in appearance 
after age 2 years in normal sinuses. Less than 40 % 
of children under age 2 will have clouding or 
opacification and only 7% will be asymmetrically 
involved. 

DR. BLUESTONE: We appear to have a “non- 
consensus.” Some of the panel are concerned that 
aspiration should probably be performed ir patients 
who are acutely ill or toxic so we can learn more 
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about etiologic factors, and also to aid in determin- 
ing in those patients who have sinus radiographs 
that show opacification whether they have the 
disease or not. We are concerned about the full 
development of the sinuses, but Dr. Schramm has 
suggested that with care in getting preaspiration 
films, you can do the procedure quite safely. 1 think 
we are not doing aspirations frequently enowgh. 


DR. SCHRAMM: I personally feel that sinus aspira- 
tions are indicated only when there is a complica- 
tion of sinusitis. I think that we can obtain enough 
bacteriologic information to treat sinusitis in every- 
day practice. Personally, I do not recommend a si- 
nus aspiration during routine therapy for my 
younger patients or for anyone else. 


DR. WALD: I am not sure we know when 
children have sinusitis because I do not think we 
have really defined it, except clinically; anc ‘here is 
no agreement that radiographs are helpful im inter- 
pretation. So, I think we need a study similar to 
that done by Dr. Gwaltney and his colleagues, to 
obtain correlation between clinical presertation, 
radiographic findings, aspirate bacteriology and 
perhaps ultrasound. There has been some sugges- 
tion recently in the literature that ultrasound may 
be a helpful adjunct to the diagnosis of a fluic-filled 
sinus. 


DR. BLUESTONE: Dr. Shurin, are you satisfied 
that the etiology of sinusitis in infants and children 
which you presented is correct? 


DR. SHURIN: Yes. One point that might be made 
is that in children with orbital complications, there 
is a difference. The H influenzae are not the 
relatively untypable avirulent strains that are 
predominant in uncomplicated sinusitis, but are 
almost entirely type B strains. These have great in- 
vasive potential and ability to cause lethal com- 
plications. A number of such cases, some of which 
were due to ampicillin-resistant organisms. have 
been reported. 


DR. WALD: I would like to comment that the 
evidence that periorbital or orbital cellu itis is 
related to ethmoiditis is all radiographic, and I 
think there has been some doubt cast on whether ra- 
diography is the absolute measure of sinus disease. 


DR. SCHRAMM: It no longer is. In the patients 
with clinical orbital cellulitis and clinical sinusitis, 
less than 10% of them did not have radiographic 
evidence of sinus abnormality. The abnormality 
may either be ipsilateral opacification or asym- 
metrical mucosal thickening or clouding. So a child 
with an immediately antecedent upper respiratory 
infection and a complication such as orbital cellu- 
litis with a unilateral sinusitis, I think, probably 
suggests that pus in the nose is not coming from a 
buccal cellulitis or vice versa. 


FLOOR COMMENT: In my prior practice, I irri- 
gated hundreds of sinuses in children, and noticed, 


clinically, that the children who came to the otolar- 
yngologist were primarily those who pediatricians 
were anable to cure with repeated doses of ampicil- 
lin. (nm examination, almost all of these children 
had a very milky exudate along the floor of the nose. 
You will find that as many as 60 or 70% of those 
childr=n will have abnormal Waters radiographic 
views of the sinuses. 


I was disturbed that most radiologists would read 
the fim as underdeveloped maxillary sinuses. That 
simp.> indicates to me that the radiologist does not 
know that children are born with maxillary sinuses; 
and sacification of the maxillary sinuses in small 
childr=n is so common that rendering of a correct 
x-ray diagnosis has been delayed for many years. 
But I will assure you that you can aspirate the max- 
illary sinus fairly easily in children, even at the age 
of 12 months, and you can obtain pus from them. 


One thing I have gained from this meeting is that 
in futare studies I must take cultures in a different 
way. While doing irrigations, we recovered a high 
perceatage of S pneumoniae and H influenzae. Also 
I have become aware of almost a typical appear- 
ance ef staphylococcal rhinitis in which almost all 
of the cases are penicillin-resistant. 


It ‘s curious that children with S pneumoniae and 
H influenzae who received repeated, prolonged 
high ceses of ampicillin drugs come to the otolaryn- 
gologst and many have penicillin-resistant staph- 
ylocceei in their noses. Perhaps the staphylococcal 
rhinits produces some blockage of the nose and 
cause: obstruction of sinus drainage. We grow the 
same organism out of the ear a significant number 
of tinzes, and those children almost all improve on a 
cephalosporin. That is what I prescribe entirely for 
the petient who has pus in the nose, who has repeat- 
edly infected ears and has an opacification of the 
maxil ary sinus. We are able usually to clear up 
their nost recent acute infection. We stop the an- 
tibiozc two days before we insert tubes and do a 
sinus irrigation and then start them back on post- 
opera-ively. And we do not see recurrences in these 


children. 


DE BLUESTONE: Dr. Gwaltney, if a patient has 
acute sinusitis, what is your drug of choice, without 
an aspiration? 


DE GWALTNEY: Ampicillin or amoxicillin for the 
usua. zase. 


FLGOR QUESTION: In the H influenzae that you 
found, what were the sensitivities and the type? 
Were these really the typable H influenzae, or were 
they rentypable bacteria? 


DE GWALTNEY: They were not group B, and 
they were not typable. They were all unencap- 
sulat] strains. We had one strain that was 
ampicillin-resistant. 


Tke amoxicillin-ampicillin drugs have advan- 
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tages and disadvantages. They are bactericidal for 
most of the causative agents, and they are relatively 
inexpensive. They have the disadvantage of being 
ineffective for ampicillin-resistant H influenzae. 
Likewise, they are not satisfactory for the unusual 
case due to penicillin-resistant S aureus or resistant 
Gram-negative bacteria. 


Trimethoprim sulfa has the advantage of activity 
against S pneumoniae and ampicillin-resistant H in- 
fluenzae. It probably has less activity against the 
B-hemolytic Streptococcus. It may present the prob- 
lem of sulfa allergy, so it also has its pros and cons. 


Cefaclor has some very desirable characteristics 
in terms of spectrum, particularly with coverage of 
ampicillin-resistant H influenzae and penicillin- 
resistant S aureus. However, the cost will certainly 
be a consideration in its selection. 


DR. BLUESTONE: Dr. Gwaltney, what percentage of 
the bacteria that you isolated were penicillin-resistant? 


DR. GWALTNEY: I don’t know the exact percen- 
tage. Most, except for many H influenzae and peni- 
cillin-resistant S aureus, are sensitive. These are im- 
portant exceptions, however. 


FLOOR QUESTION: It has been my experience in 
culturing sinuses in adults who have orbital celluli- 
tis that H influenzae or staphylococci that were 
penicillin-resistant were not present. So, as far as I 
am concerned, ‘he first line drug in adults is still 
plain penicillin, before you go on to ampicillin or 
certainly to more expensive medications. 


DR. BLUESTONE: Dr. Fairbanks, what is your 
drug of choice for adults with acute sinusitis, 
without a previous aspirate? 


DR. FAIRBANKS: I share the concern about S 
aureus. I remember Dr. Mark Rafferty used to say 
that we are prisoners of our own experience. I 
remember a 23-year-old nurse who came into Johns 
Hopkins with a sinusitis from which an S aureus 
was cultured, and she developed meningitis. We 
routinely use erythromycin and sulfa as the em- 
pirical therapy while we are awaiting the cultures. 


DR. BLUESTONE: So, you are concerned about 
Dr. Gwaltney’s 2% S aureus problem, and you are 
going to treat with erythromycin and sulfa. Dr. 
Shurin, what is your treatment of choice for acute 
sinusitis in children? 


DR. SHURIN: In the complicated cases, certainly 
those with orbital involvement, the initial treat- 
ment would be ampicillin and/or chloramphenicol. 
I think in simple cases amoxicillin would be a 
reasonable enough choice at the present time. 


DR. BLUESTONE: How would you deal with the 
problem of S aureus in children when amoxicillin is 
not adequate? Will you wait to see if the infection 
responds, as we do in ear disease, and switch if the 
child does not improve? 


DR. SHURIN: That would depend on tne clinical 
circumstance. The common concerns in pediatrics 
are children who fail on many courses of antibiotic 
therapy, or cases in which sinusitis appears in 
leukemic or otherwise compromised children. In 
these cases, I think, you need to be much more ag- 
gressive than sometimes we are in obtaining a 
bacteriologic diagnosis. 


DR. BLUESTONE: Dr. Wald, what would you pre- 
scribe as the antimicrobial drug of choice for acute 
sinusitis in a child? 


DR. WALD: In acute life-threatening infections 
like orbital complications, I would begin with am- 
picillin and chloramphenicol. In the outpatient 
management of acute sinus disease, similar to the 
situation for acute otitis media, I would begin with 
ampicillin. We are saying that some 20% of these 
cases are probably caused by Hemophilws. Even in 
the geographic areas where ampicillin resistance is 
15%, that will result in approximately 3% of pa- 
tients having a resistant organism. If you follow the 
patient carefully, you can judge a clinical failure 
and get an aspirate and change therapy. 


DR. BLUESTONE: Dr. Gwaltney, do we know the 
concentration of cefaclor in the sinus mucosa and 
the exudate in adults? 


DR. GWALTNEY: We don’t have that informa- 
tion. As far as I know, it is not available and infor- 
mation available on other antibiotic concentrations 
in sinus aspirates is somewhat conflicting and con- 
fusing to me. That is one of the reasons I am con- 
cerned about treating with penicillin alone. 
Perhaps we should observe a group ef patients 
treated with penicillin to see if it eradieates H in- 
fluenzae satisfactorily. I am concerned about the 
antibiotic levels that can be achieved in the max- 
illary sinus with the various antibiotics. 


DR. BLUESTONE: Dr. Gwaltney, could you tell us 
if there is any benefit from taking a nasopharyngeal 
culture in an adult or child? Is there any correlation 
between nasopharyngeal cultures and what is found 
in the sinuses? 


DR. GWALTNEY: No. Most of the time you will be 
misled by nasopharyngeal cultures. It is better to 
know what the agents are that are likely to cause 
sinusitis and to base your treatment on that 
knowledge. I think nasopharyngeal cultures are a 
waste of the patient’s money and, more important- 
ly, may lead to improper therapy. 


DR. BLUESTONE: Do you agree with that, 
panelists? 


DR. WALD: I think nasal cultures are a waste of 
money. However, there was a study that appeared 
last month from the Children’s Hospita! National 
Medical Center which tried to correlate nasophar- 
yngeal cultures with middle ear isolates. By doing 
semiquantitative bacteriology, they have shown 
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some correlation between the nasopharyngeal flora 
and the middle ear effusion isolate. Perhaps with 
that technique, there may be some correlation be- 
tween surface cultures (nasopharyngeal) and cul- 
tures of sinus aspirates. 


DR. BLUESTONE: The studies to determine 
whether or not nasopharyngeal cultures really do 
correlate with what is inside the sinuses, especially 
in children, are yet to be done. 


DR. KLEIN: The considerations that we have for 
antimicrobial therapy and for diagnosis aspiration 
are almost identical, with a couple of modifzers. In 
orbital cellulitis, one has to consider that these may 
be invasive type B strains of H influenzae. It would 
be an extraordinary situation, I think, if the prob- 
lem of ampicillin-resistant H influenzae did not ap- 
pear in sinusitis in the same degree as it did ia otitis 
media. 


One note to underline is that when we talk about 
penicillin resistance or penicillin sensitivity ør resis- 
tance in relation to Hemophilus, we have to be sure 
to distinguish which penicillin is considered. There 
are only minor differences of in vitro efficacy be- 
tween ampicillin and penicillin G, but toc often 
physicians consider penicillin G and penicillin V to 
be comparable products. They possess comparable 
activity against the pneumococcus but penieillin V 
is significantly less effective than penicillin G 
against H influenzae. 


Now the question I would have for the panel and, 
perhaps, for those in the audience, is a tough diag- 
nostic problem for pediatricians. Are there any in- 
vestigations now under way using the most recent 
radiologic techniques, ultrasound or radionucleoid 
studies, that can define for us more precisely the 
presence of fluid in the sinuses of children? I know 
that, at present, we don’t have such techniques, but 
are you aware of any investigations that would have 
some promise of more specific techniques in the 
future? 


DR. WALD: There was a brief note in the cancet 
earlier this year about ultrasound being wsed in 
children with clinical diagnoses of acute sirusitis. 
The author was comparing the sensitivity of ultra- 
sound to x-ray in detecting fluid within the max- 
illary sinus. At this time, ultrasonography may not 
be an adequate definition or measure of sin as dis- 
ease, but the appeal is that it is a noninvasive proce- 
dure that utilizes nonionizing radiation. 


FLOOR QUESTION: We have talked abow “the 
drug of choice,” but actually all we have talked 
about is the antimicrobial choice. I would ike to 
ask Dr. Gwaltney if in his study any adjunctive 
treatments with systemic decongestants, topical 
vasoconstrictors and so forth were employed Also, 
I would like an opinion on the use of enzymes, 
which have been advocated by some people for si- 
nusitis. 


DE. GWALTNEY: These adjunctive measures were 
used at Dr. Sydnor’s discretion. We did not control 
for these measures alone. However, we learned that 
if weused them “alone,” that is, in the patients who 
had esistant organisms or who did not take their 
antibiotics, adjunctive measures did not result in 
steril zation of the sinus cavity. So as the only form 
of treatment they did not seem to be effective. Now, 
whetner they would be effective in preventing si- 
nusits in the first place is an interesting question as 
yet uianswered. 


DF. BLUESTONE: Dr. Klein, what would be your 
drug of choice for cervical adenitis, when you 
haver't inserted a needle for diagnostic purposes? 


DR. KLEIN: Initial therapy must cover the possi- 
bilities of group A Streptococcus and B-lactamase- 
prodtcing strains of S aureus. So a penicillinase- 
resistant penicillin would be appropriate. If the pa- 
tient s allergic, you have a choice of cephalosporin, 
eryth-omycin or clindamycin. 


DRX BLUESTONE: Dr. Klein, you have seen the 
data en cefaclor used for the ear, nose and throat. Is 
it pronising for the ENT clinician? 


DE. KLEIN: I think the major feature that in- 
teres& pediatricians who are concerned with infec- 
tions of the upper respiratory tract, otitis media, 
sinusitis and also lower respiratory tract and pneu- 
monias, is the efficacy of the drug against the pneu- 
mocaccus, but also aganist H influenzae, both am- 
picill m-sensitive and resistant strains. As the various 
speakers have noted, the incidence of ampicillin- 
resistant strains of H influenzae in terms of the 
micrcbiology of sinusitis or otitis media indicates 
that ~he incidence of 6-lactamase-producing H in- 
fluenzae is relatively low today, in June 1979. If this 
probEm becomes more significant, then the impor- 
tance of the drug will increase. 


The other consideration would be choice for ini- 
tial therapy if the patient fails. Since at least one of 
the possibilities of that failure is B-lactamase- 
prodtcing strains of H influenzae, then cefaclor 
could be a candidate drug for such a patient. Our 
interest should focus on its efficacy as the first oral 
cephelosporin that has such efficacy for B-lacta- 
mase-producing strains of H influenzae. However, 
it goes into the marketplace in competition with 
otherdrugs such as trimethoprim-sulfa and erythro- 
mycie in combination with sulfa, which are also ef- 
fectiv= for the same range of organisms. Not only is 
cefac or active against $-lactamase-producing 
strais, it is considerably more active against all 
Hemcphilus than previously available oral cephalo- 
SpOoriEs. 


FLOOR COMMENT: I have found occasionally 
when | treated a patient with otitis media or phar- 
yngi-s with Keflex® and I did not get a response, I 
could put him on cephradine, and for some reason 
he wculd clear up. So I think there may be a syner- 
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gistic effect in these drugs that probably has not 
been discussed æ all. 


Now, in my tcwn an anaerobic culture costs $96, 
especially if it is a mixed bacterial infection. I am 
not as liberal w th my patients’ money as a lot of 
people may be. 


DR. BLUESTONE: That is a very important point. 
We could say that for most patients with otitis me- 
dia, initial cultures may not be cost-effective. The 
microbiologic data are so consistent that you can 
begin therapy om the basis of what you know about 
the incidence of dacteria in your community. 


The same mar be said of the majority of patients 
with sinusitis or cervical adenitis. So, for those three 
conditions I agree we should begin with drugs that 
are effective against the known agents. However, if 
the patient doesa’t respond to the initial antibiotic, 
then a culture would be helpful. In fact, you may 
be saving your patient money in the long run by 
avoiding the expenses of hospitalization. We need 
to select and be very specific in terms of what the 
culture informa-ion has to offer. 


I am not sure what to say about your comment 
about cephradire following Keflex, except that I 
think neither drug is appropriate for otitis media 
that is due to Hemophilus. Both would be effective 


for pneumococcal otitis. Without the microbiologic 
information, we have no way of evaluating what 
that means. 


FLOOR QUESTION: Dr. Kammer, can you give us 
information in regard to the anaerobic activity of 
cefaclor? 


DR. KAMMER: The anaerobic activity of cefaclor 
is very much like that of the penicillins and the rest 
of the cephalosporins, excluding, of course, cefox- 
itin. It has the good activity against most of the up- 
per respiratory tract Gram-negative anaerobes that 
penicillin does. Most strains of B fragilis will be 
resistant to it; more than 60% will be. 


DR. KLEIN: We are still dealing with the suscep- 
tibility pattern for anaerobes in the upper re- 
spiratory tract where they are susceptible to peni- 
cillins and selected cephalosporins. We have to be 
alert to the concern for B fragilis and a few strains 
of B melaninogenicus that are resistant to penicil- 
lins, but these are relatively uncommon. So for the 
most part, invasions by anaerobes in the upper re- 
spiratory tract, be it local head and neck infections 
or pulmonary disease, are susceptible to penicillins 
and cephalosporins. B fragilis should be kept in 
mind, but it is still an uncommon agent responsible 
for disease in the upper respiratory tract. 
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amines are contraindicated in patients with severe 
hypertension, severe coronary artery disease, and in 
patients on MAO inhibitor therapy. Patient idiosyn- 
crasy to adrenergic agents may be manifested by in- 
somnia, dizziness, weakness, tremor or arrhythmias. 
Children under 12: Sudafed 5.A. Capsules should 
not be used in children less than 12 years of age 
Nursing mothers: Pseudoephedrine is contraindi- 
cated in nursing mothers because of the higher than 
usual risk for a Abek from sympathomimetic amines. 
Hypersensitivity: This drug is contraindicated in 
patients with hypersensitiwty or idiosyncrasy to 
sympathomimetic amines. 
WARNINGS: Sympathomimetic amines 
should be used judiciously and sparingly in 
patients with hypertension, disbetes mel- 
litus, ischemic heart disease, increased in- 
traocular pressure, hyperthyroidism, and 
prostatic hypertrophy. Sympatho- 
mimetics may preduce central nervous 
stimulation with convulsions or car- 


Whether your patient is going abroad ; - | 

; i Ra d A f stil diovascular collapse with accompany- 
or staying at home, its good to Rnow : A F, ing hypotension 
SUDAFED 5.A., b.i.d., can give potent, N | | a eo eee 
dependable, E2-hour relief of nasal and sinus ws E Use jh Pregnancy, The uain 

. ° P se epNner e {to se Cc 
congestion wthout drowsiness. And SUDAFED Piikaiiancy has not beer SARS 
S.A. contains no aspirin or acetaminophen, D 
leaving the analgesic decision with you. 


Use in Elderly: The elderly 
P (R) 


(60 years and over) are more 
likely to have adverse reactions to 
(pseudcephedrine HCI) 
120 mg 


Gi sakorap aca 
group may cause hallucinations, 
9 i ae sprog ire 
Potent 12-hour relief 

of nasal and sinus 

congestion without 
the penalty 
of drowsiness’ 


sympathomimetic should be demonstrated in 
the individual elderly patient before consider- 
ing the use of a sustained-action formulation. 
PRECAUTIONS: Pseudoephedrine should be 

L Restores -reer breathing 
and eustachian tube patency 
with a single, highly effective 
ingredient — pseudoephedrine HCI 


used with caution in patients with diabetes, hyper- 
tension, cardiovascular disease and hyper-reactivity 
L No antihistamine and no antihistamine 
side effects 


to ephedrine. 


ADVERSE REACTIONS: Hyper-reactive in- 
dividuals may display ephedrine-like reactions such 
as tachycardia, palpitations. headache, dizziness or 
nausea. Sympathomimetic drugs have been as- 
sociated with certain untoward reactions including 
fear, anxiety, tenseness, restlessness, tremor, weak- 
ness, pallor, respiratory difficulty, dysuria, insomnia, 
hallucinations, convulsions, CNS depression, ar- 
rhythmias, and cardiovascular collapse with 
hypotension. 


DRUG INTERACTIONS: MAO inhibitors and 
beta adrenergic blockers increase the effects of 
pseudoephedrine (sympathomimetics) 

Sympathomimetics may reduce the antihyperten- 
sive effects of methyldopa, mecamylamine, reserpine 
and veratrum alkaloids. 


DOSAGE AND ADMINISTRATION: One 
capsule every 12 hours. Do not give to children under 
12 years of age. 


HOW SUPPLIED: Sudated S.A. is available in 
capsules of 120 mg (clear red top and clear body) with 
Wellcome code H9B, bottle of 100. 

Sudafed is also available in forms other than sus- 
tained action: tablets of 30 mg sugar-coated (red), 
boxes of 24 and 48, bottles of 100 and 1000; tablets of 
60 mg scored (white) with Wellcome I.D. code im- 
print $7A, bottles of 100:and 1000; syrup 30 mg per 
5 cc, bottles of 4 fl. oz and | pt. 

Unit of Use: Tablets of 60 mg — Bottle of 100 with 
child-resistant cap. 


L No aspirin or acetaminophen, leaving the 
analgesic decision with you 


L Simple, convenient b.i.d. dosage 
Ll Available with your prescription 
O Also avaible: Sudafed® 60-mg tablets 





j 
; 
i i Burroughs Wellcome Co. 
*Virtually without pressor effect in normotensive Research Triangle Park 
patients. Use witm caution in hypertensives. Welicome | North Carolina 27709 
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Announcing 
for Otitis Externa: 


Merocel 


MEROCEL is a unique biocom- 
patible polymer, which is soft yet 
strong, highly absorbent with ex- 
cellent liquid-holding capacity, 
fiber free, and expands to form- 
fit the ear canal. 





EASE OF INSERTION 

MEROCEL ear wicks are packaged in a firm, 
compressed form to allow for easy insertion even 
into swollen and sensitive canals without using 
forceps or applicators. 


EFFECTIVE MEDICATION DELIVERY 


Upon contact with an aqueous solution the wicks 
expand into a solid cylindrical (Pope) or tubular 
(Taylor) shape, which contour to the canal wall. 
The administered solutions are evenly absorbed 
throughout the wick. This feature pluș its con- 
toured shape provide a greater surface coverage 
than conventional packings. Also the MEROCEL 
polymer has a memory resulting in a dressing 
which continuously form-fits the canal wall and will 
not fall out. 


EASY REMOVAL 

Since MEROCEL is fiber free it will not adhere to 

the canal wall tissue, and therefore, may be easily 
removed with no resulting adhesions or bleeding. 


® Registered Trade Mark: Americal Corporation 


POPE 


The POPE MEROCEL Ear Wick 
expands uniformly laterally into 
a solid cylindrical shape. It ap- 
plies a gentle pressure on the 
canal wall which often provides 
a soothing effect to the patient. 
Packaged sterile — 10 per vial, 
10 vials per box. Cat. No. 
4004141 


Developed by Thaddeus H. Pope, Jr. M.D. 
McPherson Hospital 
Durham, North Carolina 07701 





TAYLOR 


The TAYLOR MEROCEL Ear 

Wick expands laterally forming 
a sheath which traces and en- 
circles the entire canal wall 
diameter, thus providing a cen- 
tral passage for sound and air. 
Packaged sterile — 10 per vial, 
10 vials per box. Cat. No. 

40041 40 


Developed by John S. Taylor, M.D 
1453 Springbill Ave 
Mobile, Alabama 36604 


Fe. complete information on the full 
Lre of Merocel ear products: 


Americal Corporation, 
Mystic, Connecticut 06355, (203) 536-7174 





Ba ctrim succeeds 
even where 


— _OTOSCOPIC VIEW 


Tympanic membrane Same patient Five-year-old female presented on 9/4/79 


with acute otitis media, pain, but no fever. 
after 10 days of after 10 days of Treated with ampicillin 250 mg P.O. g.i.d. On 


ampicillin therapy, BACTRIM therapy, 9/14/79 tympanic membrane still bulging 
9/14/79 9/24/79 and yellow: no fever or pain but decreased 


energy and appetite. Bioassay to confirm 
compliance was positive for ampicillin. Case 
was considered an ampicillin treatment 
failure. Deep nasopharyngeal culture 
revealed heavy growth of H. influenzae 
resistant to ampicillin by disc sensitivity and 
beta-lactamase tests. On 9/14 therapy 
switched to Bactrim Pediatric Suspension 
1⁄2 teaspoonfuls (7.5 ml) b.i.d. Tympanic 
membrane no longer bulging by 9/18: 
movable, with normal arcnitecture, on 9/24 





IN acute otitis inedia’ 


ampicillin falls 


IN VEERO' 


100% sensitivity. In a recent study of ampic llin- 
resistant Haemophilus isolates, 191 H. influeazae 
strains were Cultured from the middle ear, neso- 
pharynx and throat of children with acute ate:s 
media. All 191 of these ampicillin-resistant st-ains 
proved sensitive to Bactrim in vitro." 

Dual action slows resistance. Resistance te 
ampicillin is now estimated to occur in 18% Jf all 
H. influenzae isolates nationwide, with some 
densely populated areas reporting resistance 
rates of nearly 40%.? The incidence of repor ed 
H. influenzae or S. pneumoniae in vitro resis- 
tance to Bactrim has been minimal. Dual-action 
Bactrim attacks susceptible pathogens at two 
successive steps in their bacterial metabolism. It 
deprives the bacteria of folate coenzymes,3~ 
and thus retards the development of resistat 
Strains. /n vitro studies have shown that bac=erial 
resistance develops more slowly with Bactrin 
than with either component alone. 


*Due to susceptible H. influenzae or S. pneumoniae 


+/n vitro activity does not necessarily correlate with clinica results. 





IN VIVO 


93% efactive. In two controlled clinical 
Studiesef children who had acute otitis media 
due to =npicillin-resistant H. influenzae or who 
were ur sponsive to aminopenicillins, therapy 
with Ba&atrim proved successful in 25 of 27 
patients —93% overall efficacy. ' 

Unexce led efficacy with B.1.D. convenience. 
In a recent comparative study of 132 children 
with ac-ze otitis media due to H. influenzae or 
S. pneumoniae, Bactrim on a b.i.d. dosage 
schedul2= achieved a level of efficacy unex- 
celled Be ampicillin g.i.0.8 There was a similarly 
low inc 3ence of side effects (see adverse 
reactioms section in the product information). 
Bactrim also proved superior at eradicating H. 
influenzee in nasopharyngeal cultures. Bactrim 
is Contrsndicated in patients hypersensitive to 
its Com=onents and in infants under two months. 
To date there are limited data on the safety of 
repeated use of Bactrim in children under two 
years C age. Bactrim may be administered to 
patients allergic to penicillins. 


References 1. Data on file, Hoffmann-La Roche Inc., Nutley, NJ. 2. CDC 
warns Herr—hilus flu is gaining in war with ampicillin. Med World News 
21:16, 21, me 23, 1980. 3. Burman LG: Lancet: 1409, June 28, 1980 

4. Hitchincs GH: J Infect Dis 128 (suppl): S433-S436, Nov 1973. 

5. Bushby 38M: J Infect Dis 128 (suppl): S442-S462, Nov 1973. 

6. Shurin F~ et al: J Pediatr 96: 1081-1087, June 1980. 


Bactrim 
Pediatric 


(40 mg tamethoprim and 200 mg BAEN per 5 ml) 


suspension 












„Succeeds with cherry flavor and B.I.D. convenience. too. 


Please == summary of product information on following page. 


In acute otitis media* 


Bactrim Pediatric 


(40 Tg trinsthoprim and 200 mg sulfamethoxazole per 5 ml) 
succeeds 


*Due to susceptit e€ H. influenzae or S. pneumoniae 





Before ee please consult complete product information, a summary 
of which follows: 

Indications and Usage: For the treatment of urinary tract infections due to 
susceptible strains of the following organisms: Escherichia coli, Klebsiella- 
Enterobacter, Proteus mwrabilis, ?roteus vulgaris, Proteus morganii. It is recom- 
mended that initial episodes of uncomplicated urinary tract infections be 
treated with a single efective antibacterial agent rather than the combination. 
Note: The increasing frequency #f resistant organisms limits the usefulness of all 
antibacterials, especially in these urinary tract infections 

For acute otitis media in children due to susceptible strains of Haemophilus 
influenzae or Streptocoecus pneumoniae when in physician's judgment it offers 
an advantage over other antimscrobials. Limited clinical information presently 
available on effectiveness of treatment of otitis media with Bactrim when 
infection is due to ee Haemophilus influenzae. To date, there are 
limited data on the safety of reweated use of Bactrim in children under two years 
of age. Bactrim is not imdicatee for prophylactic or prolonged administration in 
otitis media at any age. 

For acute exacerbations of chronic bronchitis in adults due to susceptible strains 
of Haemophilus influenzae or Streptococcus pneumoniae when in physician's 
judgment it offers an advantage over a single antimicrobial agent. 

For enteritis due to susceptible strains of Shigella flexneri and Shigella sonnei 
when antibacterial therapy is indicated. 

Also for the treatment cf documented Pneumocystis carinii pneumonitis. To date, 
this drug has been tested only in patients 9 months to 16 years of age who were 
immunosuppressed by cancer ‘herapy. 

Contraindications: Hypersensitivity to trimethoprim or sulfonamides: patients with 
documented megaloblastic anemia due to folate deficiency; pregnancy at term. 
nursing mothers because sulfonamides are excreted in human milk and may Cause 
kernicterus; infants less than 2 montns of age. 

Warnings: BACTRIM SF OULD NOT BE USED TO TREAT STREPTOCOCCAL 
PHARYNGITIS. Clinical studies show that patients with group A B-hemolytic 
streptococcal tonsillopharyngitis nave higher incidence of bacteriologic failure when 
treated with Bactrim thar do thos= treated with penicillin. Deaths from hypersensi- 
tivity reactions, agranulceytosis, aplastic anemia and other blood dyscrasias have 
been associated with sul onamices. Experience with trimethoprim is much more 
limited but occasional interference with hematopoiesis has been reported as well as 
an increased incidence cf thromBopenia with purpura in elderly patients on certain 
diuretics, primarily thiazides. Sore throat, fever, pallor, purpura or jaundice may be 
early signs of serious bland disorders. Frequent CBC's are recommended: therapy 
should be discontinued | a signi! cantly reduced count of any formed blood element 
is noted 

Precautions: General: USe cautieusly in patients with impaired renal or hepatic 
function, possible folate deficiency, severe allergy or bronchial asthma. In patients 
with glucose-6-phosphats dehycroganase deficiency, hemolysis, frequently dose- 
related, may occur. Durirg therapy, maintain adequate fluid intake and perform 
frequent urinalyses, with Sareful microscopic examination, and renal function tests. 
particularly where there is impaired renal function. Bactrim may prolong prothrombin 
time in those receiving warfarin; assess coagulation time when administering 
Bactrim to these patients 

Pregnancy: Teratogenic Effects: Pregnancy Category C. Because trimethoprim and 
sulfamethoxazole may irverfere wth “olic acid metabolism. use during pregnancy 
only if potential benefits justify the potential risk to the fetus 

Adverse Reactions: All major rections to sulfonamides and trimethoprim are 
included, even if not reported with Bactrim. Blood dyscrasias. Agranulocytosis 
aplastic anemia, megaloblastic anemia, thrombopenia, leukopenia, hemolytic 
anemia, purpura, hypoprthromtmemia and methemoglobinemia. Allergic reactions 
Erythema multiforme, Stevens-Johnson syndrome, generalized skin eruptions 
epidermal necrolysis, urtcaria, serum sickness, pruritus, exfoliative dermatitis 
anaphylactoid reactions, periorbital edema, conjunctival and scleral injection 
photosensitization, arthragia anc allergic myocarditis. Gastrointestinal reactions 
Glossitis, stomatitis, nausea, emesis abdominal pains, hepatitis, diarrhea and 
pancreatitis. CNS reactions: Headache, peripheral neuritis, mental depression 
convulsions, ataxia, hallucinations, tinnitus, vertigo, insomnia, apathy, fatigue 
muscle weakness and ne-vousness. Miscellaneous reactions Drug fever, chills, toxic 
nephrosis with oliguria ard anuria, periarteritis nodosa and L.E. phenomenon. Due to 
certain chemical similarit es to some goitrogens, diuretics (acetazolamide, thiazides) 
and oral hypoglycemic agents, sulfonamides have caused rare instances of goiter 
production, diuresis and aypoglycemia in patients: cross-sensitivity with these 
agents may exist. In rats, long-term therapy with sulfonamides has produced thyroid 
malignancies 

Dosage: Not recommended for infants less than two months of age. 

URINARY TRACT INFECT ONS AWD SHIGELLOSIS IN ADULTS AND CHILDREN. AND 
ACUTE OTITIS MEDIA IN CHILDREN 

Adults: Usual adult dosage for urmary tract infectiorls—1 DS tablet (double strength), 
2 tablets (single strength or 4 teasp. (20 ml) b.i.d. for 10-14 days. Use identica! daily 
dosage for 5 days for shigellosis 

Children: Recommended dosage*or children with urinary tract infections or acute 
otitis Media—8 mg/kg trimethoprm and 40 mg/kg sulfamethoxazole per 24 hours, in 
two divided doses for 10 days. Use identical daily dosage for 5 days for shigellosis 
For patients with renal impairment Use recommended dosage regimen when 
creatinine clearance is above 30 ml/min. If creatinine clearance is between 15 and 
30 ml/min, use one-half the usuabregimen. Bactrim is not recommended if creatinine 
clearance is below 15 mimin 

ACUTE EXACERBATIONS OF CHRONIC BRONCHITIS IN ADULTS 

Usual adult dosage: 1 DS tablet (double strength), 2 tablets (single strength) or 

4 teasp. (20 mi) b.i.d. for 14 days 

PNEUMOCYSTIS CARINI. PNEUMONITIS 

Recommended dosage: 20 mg/kg trimethoprim and 100 mg ‘kg sulfamethoxazole per 
24 hours in equal doses every 6 Fours for 14 days. See complete product information 
for suggested children's cosage ‘able 

Su piled: Double Strength (DS) tablets, each containing 160 mg trimethoprim and 
800 mg sulfamethoxazole, bottles of 100; Tel-E-Dose® packages of 100: Prescription 
Paks of 20 and 28. Tabletz, each containing 80 mg trimethoprim and 400 mg sulfa- 
methoxazole—bottles of 00 and 50C; Tel-E-Dose* packages of 100: Prescription 
Paks of 40. Pediatric Suseension_containing 40 mg trimethoprim and 200 mg sulfa- 
methoxazole per teaspoonful (5 mi): cherry-flavored —bottles of 100 mi and 16 oz (1 
pint). Suspension, contaiming 40 mg “rimethoprim and 200 mg sulfamethoxazole per 
teaspoonful (5 ml); fruit-l\sorice flavored—bottles of 16 oz (1 pint) 


ROCHE LABORATORIES 
Division of hoffmane-La Roche Inc. 
Nutley, New Jersey 07170 








HILGER 
FACIAL NERVE 
STIMULATOR 


the original, accepted 
instrument for nerve excitability 
testing in the evaluation and 
prognosis of facial nerve 
disorders 


=> 


A TIMULATOR 
HILGER FACIAL NERVE S 





FUNCTION 
CURRENT INTENSITY 


MODELS 2 AND 2R 


Recognized for its precision and reliability, 
the HILGER FACIAL NERVE STIMULATOR 
is the original instrument designed for clinical 
evaluation of the facial nerve, clinical 
testing of muscle tissue viability and for nerve 
identification and testing during surgery. 


The instrument features unique circuitry 
specially engineered to facilitate very accurate 
current measurements with readings 
statistically valid through the range of 0.3 to 
10.0 milliamperes used for clinical testing 


Mode! 2 is furnished with a replaceable battery, 
Model 2R with a rechargeable battery. 
Both models are equipped with a battery test 
meter and are supplied with a bipolar probe 
for clinical testing and a pencil-sized 
probe for surgical use. The transistorized units 
are compact and lightweight for use in 
office or operating room. 


Detailed information is available from— 


WR MEDICAL 


ELECTRONICS CO. 


1995R WEST COUNTY ROAD B-2 
ST. PAUL, MINNESOTA 55113 
Also from WR— 
JAKO FACIAL NERVE MONITOR 
WR SURGICAL NERVE STIMULATOR 
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Richards Bucket Handle Prosthesis 


The Bucket Handle Prosthesis offers a variety æ advantages to the otologist 
performing stapes sursery. 
A radiused opening in the “bucket” of the prosthesis allows the incus to be placed 
in its correct anatomical position minimizing the darr of pressure necrosis. The bucket 
handle fits easily over the lenticular process, elim inating the need for crimping. 
The prosthesis fits either the left or right ear. A hole in tœ posterior part of the bucket permits 
insertion of a richt angle pick to fÆ litate positioning. 
The Bucket Handle Prosthesis is available r ~TFE (Teflon®) or Richards 
Certified Stainless Steel (ASTM F138). The surgeon can f0 select from a wide variety of sizes. 


= Teflon is a registered trademark of the duPont Company 


Richards Manufacturing Co., Inc. 
Memphis, Tennessee 38116, U.S.A. 
© 1981 All Rights Reserved 


YOUR MICROSURGERY COMPANY R RICHARDS 


Computerized Testing and Analysis of 
the Vestibulo-Ocular Systems and 
Associated Neural Pathways 


The Rotary Chair and Smooth Pursuit Tracking Systems are 
components of a compete, computerized, clinical diagnostic 
system. The system consists of modular elements designed to 
aid the otoneurologist, neurologist and ophthoneurologist in the 
diagnosis of pathologies of the central nervous system and the 
systems associated with peripheral end organs. 


State-of-the-art system analysis techniques are used to present 
repeatable and precise input stimuli and to evaluate system 
performance by means of quantifying the response-to-stimulus 
ratios. Highly accurate end physiologically natural stimuli are 
presented to each human subsystem. Normal values are 
quantified and the deviation of response from normals indicates 
the presence (or absence) of pathologies and, in many cases, 
provides central-peripheral distinctions as well as direction of 
asymmetry of peripheral deficiencies. 


ee 


PURSUIT TRACKER 


For additional information or detailed descr ptive literature, 
contact: Mr. Ralph Heil 


contrawes’ 


Contraves Goerz Corporation 
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AMPICILLIN RESISTANCE IN HAEMOPHILUS 


(Percentages are ampicillin-sesistant H. influenzae isolates* ) 
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studies should be made because safe dosage may be 
lower than that usually recommended. 


As a result of administration of Ceclor® (cefacior, Lilly). 


a false-positive reaction for glucose in the urine may 
occur. This has been observed with Benedict's and 
Fehling’s solutions and also with Clinitest® tablets but not 
with Tes-Tape® (Glucose Enzymatic Test Strip, USP. Lilly) 

Usage in Pregnancy —Although no teratogenic or 
antifertility effects were seen in reproduction studies in 
mice and rats receiving up to 12 times the maximum 
human dose or in ferrets given three times the maximum 
human dose, the safety of this drug for use in human 
pregnancy has not been established. The benefits of the 
drug in pregnant women should be weighed against a 
possible risk to the fetus 

Usage in Infancy — Safety of this product for use in 
infants less than one month of age has not been 
established. 


Adverse Reactions: Adverse effects considered related to 
cefacior therapy are uncommon and are listed below 

Gastrointestinal symptoms occur in about 2.5 percent 
of patients and include diarrhea (1 in 70) and nausea 


a valid concern 





in many areas of the country, 
increcsing numbers of H. influenzae 


show pesistance to conventional 


antibiatic therapy. '° 


Ceclor s effective in the treatment of 
otitis media! including that due to some 
ampicG lin-resistant strains of H. influenzae.*® 


Ceclo: jas been shown to be clinically 
and becteriologically effective in treating 
otitis media due to susceptible organisms. "° 


Ceclo s available in two pleasant-tasting 


liquids 


Ceclo provides effective single-agent 
antibio ic therapy for otitis media. 


Note: Ceclor i «ontraindicated in patients with known allergy to the cephalosporins 
and should bewen cautiously to penicillin-allergic patients 


+ Due to suscep e strains of Streptococcus pneumoniae, H. influenzae, staphylococci, 
and S. pyoger=: 





and vomiti (1 in 90). 

Hypersemsuivity reactions have been reposa in about 
1.5 percenta patients and include morbdilliie = eruptions 
(1in 100) turitus, urticaria, and positive Cownbs tests 
each occur a less than 1in 200 patients. 

Cases ofSerum-sickness-like reactions, iscuding the 
above skim manifestations. fever, and arthracjm/arthritis, 
have been r=ported. Anaphylaxis has also o= reported 

Other efcts considered selated to therape cluded 
eosinophil 11 in 50 patients) and genital pus or 
vaginitis l= than 1in 100 patients). 

Causal Feiationship Uncertain — Transitory= normalities 
in clinical @boratory test results have been = orted 
Although tmey were of uncertain etiology, thare listed 
below to seve as alerting information for th= shysician 


Hepatie— Slight elevations in SGOT, SGP” r alkaline 
phosphatas values (1 in 40). 
Hematop-metic— Transient fluctuations in smocyte 


count, preseminantly lymphocytosis occur in infants 
and young =nildren (1 in 40). 

Renal—* ight elevations in BUN or serurmeeatinine 
(less than Tin 500) or abnormal urinalysis (@=s than 
Tin 200) [1030808] 
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o time for vertigo. 


m Most Widely Prescribed—Antivert `s the 
most widely prescribed agent for the management 
of vertigo” associated with diseases affecting 

the vestibular system such as Meniere's disease, 
labyrinthitis, and vestibular neuronitis. 


m Relief of Nausea and Vomiting—Antivert/25 
can relieve the nausea and vomiting often associated 
with vertigo* 

m Dosage for Vertigo*—The usual adult dosage 
for Antivert/25 is one tablet t.i.d. 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 


INDICATIONS. Based on a review of this drug by the National 
Academy of Sciences-National Research Council and/or other infor- 
mation. FDA has classified the indications as follows: 

sffective: Management of nausea and vomiting, and dizziness asso- 
ciated with motion sickness. 

Possibly Effective: Management of vertigo associated with diseases 
atfecting the vestibular system. 


“inal classification of the less than effective indications -equires 
further investigation. 





CONTRAINDICATIONS. Meclizine HCl is contraindicated in individuals 
who have shown a previous hypersensitivity to it. 

WARNINGS. Since drowsiness may, on occasion, occur with use of this 
drug, patients should be warned of this possibility and cautoned against 
driving a car or operating dangerous machinery. 

Patients should avoid alcoholic beverages while taking thes drug. Due to 
its potential anticholinergic action, this drug should be usec with caution 
in patients with asthma, glaucoma, or enlargement of the prostate gland. 

Usage in Children: Clinical studies establishing safety and effectiveness 
in children have not been done; therefore, usage is not recommended in 
the pediatric age group. 

Usage in Pregnancy: Pregnancy Category B. Reproduction studies in rats 
have-shown cleft palates at 25-50 times the human dose. Epidemiological 
studies in pregnant women, however, do not indicate that meclizine 
increases the risk of abnormalities when administered durirg pregnancy. 
Despite the animal findings, it would appear that the possibility of fetal 
harm is remote. Nevertheless, meclizine, or any other medication, should 
be used during pregnancy only if clearly necessary. 

ADVERSE REACTIONS. Drowsiness, dry mouth and, on care occasions. 
blurred vision have been reported. ROeCRIG Pfizer 
More detailed professional information 

A division of Pfizer Pharmaceuticals 


available on request New York. New York 10017 


Accept no substitutes, specify... 


Antivert/25 


| (meclizine HCl) 25 mg Tablets 
for vertigo’ 





Illustration: Chicago ironworker 
laborsona pedestal high above the city 
to dismantle old antenna (Courtesy 
of Chicago Tribune) 
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TRACHEOMALACIA IN AN INFANT 
WITH MULTIPLEX CONGENITA (~ARSEN’S) SYNDROME 


KENNETH M. GRUNDFAST, MD 
WASHINGTON, DC 
ROBERT KANTER, MD 


SYRACUSE, NY 


An infant born with multiplex congenita (Larsen’s) yndrome 


ANWAR MUMTAZ, MD 
WASHINGTON, DC 
MURRAY POLLACK, MD 


WASHINGTON, DC 


developed res> ratory distress 30 days following tracheostomy for relief 


of upper airway obstruction. The infant had structural and functional abnorma #ies of the thoracic cage. Tracheobronchoscopy revealed 
excessive compliance of the trachea with a tendency for collapse of the tracheal ngs and obliteration of the tracheal lumen. Continuous 
positive airway pressure in the range of 20-25 cm H,O was used to maintain patex. y of the tracheal lumen and assure adequate ventilation. 
Hemodynamic and pulmonary barometric complications often observed when h= levels of positive airway pressure are utilized in infants 


were not observed. 


The case report demonstrates a relationship be- 
tween skeletal abnormalities and ineffectual respir- 
atory effort. Although the initial respiratory diffi- 
culty evident at birth was from obstruction of the 
upper airway, the respiratory difficulty occurring 
subsequent to tracheostomy was caused by aa unus- 
ual combination of factors. The significance of this 
report lies in the manner in which the etio ogy of 
the respiratory difficulty was determined, and the 
method utilized for management. 


CASE SUMMARY 


A male infant weighing 3,572 g at 41 weeks of 
gestation was delivered vaginally at a local com- 
munity hospital. The amniotic fluid was mecon- 
ium-stained; the baby was apneic and flaccid. 
Orotracheal intubation was accomplished in the 
delivery room and after ventilation was iritiated 
with a portable manual-assist self-inflating (Am- 
bu®) bag, spontaneous respiration developed. 
Apgar scores were 6 and 8 at 1 and 5 minates re- 
spectively. 


Examination revealed eyes spaced widely apart, 
prominent forehead, flat nasal bridge, midline cleft 
of the secondary palate, bilateral dislocations of the 
knees and elbows, deformities of the hands and feet, 
and spatulate thumbs. These features were recog- 
nized as being characteristic of multiplex congenita 
(Larsen’s) syndrome. The infant breathed spontan- 
eously through the endotracheal tube. Mechan- 
ically assisted ventilation was utilized for 4& hours, 
then the infant was “weaned” from the ventilator. 
When removal of the endotracheal tube afzer five 
days resulted in severe respiratory distress, atempts 


at reiatubation failed and an emergency tracheos- 
tomy zas necessary to restore adequate ventilation. 


At two weeks of age the infant was transferred to 
the Ch Idren’s Hospital National Medical Center for 
further evaluation and management. 


The nfant developed progressively worsening re- 
spiratacy difficulty over the next several weeks. 
Chane= to a larger diameter tracheostomy tube did 
not imorove the infant’s condition. Radiographs of 
the chest revealed no pulmonary parenchymal ab- 
norm: ity, atelectasis, or pneumonia. When tachy- 
pnea, retraction, and intermittent cyanosis devel- 
oped a. age 35 days, the infant was taken to the op- 
erating room for laryngotracheobronchoscopy in 
order tp determine the cause of the respiratory diffi- 
culty. A rigid 3 mm Storz-Hopkins rod lens ventil- 
ating »ronchoscope was utilized. Although there 
was seme granulation tissue in the tracheal lumen 
on th= cephalad aspect of the tracheostomy site, 
there was no obstructing lesion within the trachea 
distal =o the tracheostoma. There was excessive 
comp dance of the trachea with a tendency for col- 
lapse of the trachea and nearly total obliteration of 
the lumen whenever positive pressure was not ap- 
plied «da the ventilating bronchoscope. Collapse of 
the træhea was most accentuated with expiration, 
but there was not full opening of the tracheal lumen 
with mspiration unless positive airway pressure was 
adminm-stered. Based on these findings, a diagnosis 
of sewere tracheomalacia was made. As the infant 
emerged from anesthesia, respiratory difficulty and 
cyanc s developed. Rapid reinduction of anesthesia 
with eontrol of respiratory function improved ven- 
tilatice. These events were interpreted as indicating 


From the Departments of Otorhinolaryngology and Anestaesia, Children’s Hospital ~ational Medical Center, and the Department of Otolaryngology, 


Washington Hospital Center, Washington, DC. 


Presented at the meeting of the American Broncho-Esophagological Association, V=~ouver, British Columbia, May 11-12, 1981. 
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that the infant could not maintain adequate respir- 
ation without assisted ventilation. Therefore, a de- 
cision was made to maintain respiration with ad- 
ministration of paralyzing agents and mechanically 
controlled ven ilation. 


When attempts were made to wean the infant 
from mechanically assisted ventilation, spontaneous 
respiration would develop whenever the adminis- 
tration of neuromuscular blocking agents was dis- 
continued. Hcwever, spontaneous breathing was 
always associated with labored breathing, abnor- 
mal movements of the chest wall, intercostal retrac- 
tions, agitatior , and prolonged expiratory phase of 
respiration. Afer several hours without mechani- 
cally assisted ventilation, the infant became tired, 
breath sounds ciminished, then cyanosis and brady- 
cardia developed. 


Observation of the infant’s chest wall movements 
and analysis of che causes of the respiratory difficul- 
ty led to the coaclusion that continuous positive air- 
way pressure (CPAP), rather than mechanical con- 
trol of respiration was the factor most important in 
maintaining effective respiratory function. 


Cinefluoros@py demonstrated collapse of the 
trachea with expiration. Increasing levels of CPAP 
were utilized util it was determined that the infant 
could maintair adequate ventilation with CPAP in 
the range of 20-30 cm H,O. When CPAP lower than 
15 cm H2O wa: used, the infant developed frequent 
episodes of cyanosis accompanied by bradycardia. 


The fact that CPAP was the key factor in main- 
taining acequae ventilation was confirmed by two 
methods. First. transpulmonary pressure, airflow 
rate, tidal volume and tidal pCO, were measured 
and continuous y recorded as the level of CPAP was 
changed. (This method is described in Kanter R, et 
al, unpublishec report.) Second, tidal breathing of 
the radionuclide krypton 8l-m with scintillation 
mapping of thethorax showed improved ventilation 
with increasing levels of CPAP. 


A portable apparatus capable of producing CPAP 
was devised for the infant’s use at home. The child 
was discharged from the hospital at age 14 months 
requiring CPAP of 15 cm H,O. 


DISCUSSION 


The terms “ aryngomalacia” and “tracheomal- 
acia” are frequently used to describe disorders in in- 
fants characterzed by stridor, respiratory difficul- 
ty, and partial collapse of portions of the airway. 
Jackson’ introduced the term “laryngomalacia” to 
describe the cordition involving passive movements 
of certain flace d supraglottic structures associated 
with stridor in nfants. Later Holinger? introduced 
the concept of “tracheomalacia” when he reported 
the findings of -hree infants with stridor, dyspnea, 
signs of airway »bstruction and periods of cyanosis. 
He noted that the tracheal wall was exceptionally 


flaccid and symptoms disappeared when a broncho- 
scope was passed through the seemingly collapsed 
portion of the trachea. The terms “laryngomalacia” 
and “tracheomalacia” describe disorders with no 
precise pathologic correlate. Unfortunately, some 
physicians have a tendency to use the terms inter- 
changeably. 


Terminology notwithstanding, it is generally ac- 
cepted that stridor in infants can be caused by the 
abnormal movement of anatomic structures that 
have a normal gross and microscopic appearance. 
The type of tracheomalacia observed in infants usu- 
ally is a congenital self-limited condition possibly 
caused by a delayed maturation of tracheal cartila- 
ginous elements and hypotonia of tracheal myoelas- 
tic elements.’ As a result, the trachea lacks its usual 
stiffness and the anterior and posterior aspects of 
the trachea tend to come close together so that the 
size of the tracheal lumen diminishes. The defor- 
mity is most evident during expiration when the 
normal physiologic tracheal narrowing is markedly 
accentuated. 


Most often, the stridor associated with tracheo- 
malacia in infants is mild and the respiratory dif- 
ficulty is not life-threatening. Since there is no iden- 
tifiable lesion and no characteristic pathologic find- 
ing, diagnosis of tracheomalacia depends upon en- 
doscopic, radiographic, or other findings that dem- 
onstrate abnormal movement of tracheal struc- 
tures. That is, the aberrant process is a dynamic 
one. 


In 1950 Larsen et al* described six cases of chil- 
dren with similar congenital deformities. The syn- 
drome that Larsen discovered is characterized by 
deformities of the joints of the upper and lower ex- 
tremities, long cylindrical shaped fingers which do 
not taper normally from base to finger tips, spatu- 
late shaped thumbs, eyes widely soaeed apart, 
prominent forehead, depressed nasal bridge, and a 
strikingly flattened face. Additional features ob- 
served in some cases were cleft palate and failure of 
spinal segmentation. Biopsy and necropsy have not 
revealed pathologic changes in muscle as is seen in 
arthrogryposis multiplex congenita and similar syn- 
dromes. At necropsy, one infant with Larsen’s syn- 
drome had excessively compliant epiglottis, aryten- 
oid cartilages, trachea and bronchi, with markedly 
reduced numbers of elastic fibers ir the larynx, 
trachea and bronchi.° 


Although Larsen did not describe respiratory dif- 
ficulty or tracheomalacia as characteristic features 
of the original syndrome, Szabo and Perjes® later re- 
ported that stridor, tracheomalacia, and respira- 
tory difficulty were observed in infants manifesting 
the stigmata of Larsen’s syndrome. They did not de- 
scribe the pathophysiology of the respiratory diffi- 
culty. Other authors”? also reported ‘aryngomala- 
cia, respiratory difficulty and stridor in infants with 
Larsen’s syndrome. 
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In 1974 Latta et al reported the case of an infant 
with Larsen’s syndrome who manifested “sermus re- 
spiratory problems apparently related to laxity of 
the trachea and rib cage... -° Interestingly Latta 
et al noted that there had been only a small number 
of cases reported in the 20 years since the syr drome 
originally had been described. He postulated that 
many cases had not been recognized or wer= cate- 
gorized as arthrochalasis or arthrogryposis rather 
than multiplex congenita. Further, he speculated 
that death from respiratory compromise soon after 
birth may have hampered the recognition of char- 
acteristic features. 


DIAGNOSIS AND MANAGEMENT 


In the case now being reported, endoscop~, cine- 
fluoroscopy, and radionuclide scanning we-e util- 
ized to determine that excessive compliance of the 
trachea was the cause of the respiratory dif-iculty. 
Once it was determined that a combination of dy- 
namic factors rather than intraluminal obst-uction 
was the cause of respiratory difficulty, a method 
was devised for maintaining adequate vent lation. 
Parameters of pulmonary function were measured 
as levels of CPAP were varied. It was determined 
that CPAP in the range of 20-25 cm H,O wa: neces- 
sary to maintain adequate ventilation. 


Ordinarily, use of such high levels of CPAP for an 
infant would be expected to produce complieations. 
When CPAP greater than 15 cm H,O is use= in in- 
fants, risks of pneumothorax and right heart strain 
are increased. Apparently, the excessive compliance 
of the trachea and laxity of cartilaginous rib cage 
structures enabled higher levels of CPAP to ve safe- 
ly used as a means of preventing collapse of the 
trachea in the presently reported case of ar infant 
with Larsen’s syndrome. 


Although tracheostomy may sometimes be neces- 
sary to bypass an upper airway obstruction i> an in- 
fant with Larsen’s syndrome and tracheoralacia, 
in some ways the presence of the tracheostomy can 
have a deleterious effect on ventilation. A review of 
relevant aspects of pulmonary mechanics shows 
how the presence of a tracheostomy can acversely 
affect the infant with tracheomalacia. Normally, 
the vocal cords partially adduct during tke early 
phase of respiration thereby providing sore resis- 
tance to the outflow of air as intrathoracic pressure 


incree=s. In infants with tracheomalacia, the glot- 
tic mechanism may reduce the degree to which the 
trachez collapses by allowing a brief (0.1 to 0.2 s) 
incree= in intratracheal pressure at the beginning 
of expiration.’ A tracheostomy eliminates from the 
respireory cycle the transient increase in in- 
tratrameal pressure at the beginning of expiration. 
In a ~ay, CPAP can be conceptualized as an ar- 
tificia. means of providing a pressure similar to the 
one tË at occurs during the end of expiration when 
there & a competent, functioning glottic mechan- 
ism. a fact, this case report indicates that high 
levels əf CPAP can exert an intratracheal positive 
pressuxe that counteracts the tendency for an ex- 
cessiv>y compliant trachea to collapse as intra- 
thorae< pressure increases during expiration. Used 
in sud circumstances, the CPAP effectively acts as 
a sten- to keep the airway from collapsing. 


SUMMARY AND CONCLUSIONS 


The case of an infant with multiplex congenita 
(Larsea’s) syndrome and tracheomalacia is re- 
ported. Though this syndrome is relatively rare, it is 
important for the otolaryngologist-head and neck 
surges to realize that airway obstruction, laryngo- 
malacã, and tracheomalacia can occur in infants 
with _arsen’s syndrome. Management may be diffi- 
cult, specially if tracheostomy is required. Levels 
of CF«P higher than ordinarily utilized for infants 
may Ë- helpful in the management of severe trache- 
omale«ia associated with Larsen’s syndrome. 


Experience gained in the management of an in- 
fant sith Larsen’s syndrome who required trache- 
oston~ had led to the following conclusions: 


Infants with skeletal deformities such as those 
comp= sing Larsen’s syndrome can develop respira- 
tory e fficulty. 


Exe-ssive compliance of the trachea (tracheomal- 
acia) can be a major factor contributing to respira- 
tory msufficiency. 


Altough tracheostomy may be necessary to by- 
pass aa obstruction in the upper airway, tracheos- 
tomy may accentuate the tendency for an excessive- 
ly com pliant trachea to collapse. 


Co-tinuous positive airway pressure can be safely 
utiliz=] as a means of maintaining adequate venti- 
latior in infants with tracheostomy, tracheomala- 
cia, œd certain skeletal abnormalities. 
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NINCDS NOTES* 


TINNITUS GRANTS AWARDED 


Two universities F ave received grants from NINCDS to study tinnitus, a common adult medical problem also known as “ringing in the 
ears.” 


At the University of Oregon, Dr. Jack A. Vernon will oversee the development of quantifiable measurements of the condition and its 
treatments, and the 2stablishment of a tinnitus data registry. The relationship between tinnitus and drugs will also be examined by study- 


C a 


ing those agents used to relieve the condition and those linked to its possible causes. 


On the East Coast. principal investigator Dr. Merrilynn Penner at the University of Maryland will conduct studies of the perceptual and 
psychophysical char«cteristics of tinnitus patients. Subjects for this study will be drawn from patients with sensorineural hearing loss result- 
ing from noise exposure or acoustic trauma. 


Tinnitus, which is frequently a symptom of more serious disease, affects an estimated 37 million adults, 7.5 million of whem are inca- 
pacitated by the prolem. The two new NINCDS grants are expected to generate renewed interest in tinnitus research among otologists, 
neurologists, and awiiclogists. 


TRAINING AWARDS EXPLAINED 


Opportunities for darticipating in NINCDS’s grants and awards programs are outlined in a new Institute booklet, NINCDS Extramural 
Research and Traintig Awards, now available through the Office of Scientific and Health Reports (OSHR) 


The publication o€ers details on 10 categories of research grants, contract awards, and training stipends which assist the Ins-itute in car- 
rying out its prograras in neurological and communicative disorders and stroke. The booklet includes information on award application 
deadlines as well as a brief description of NINCDS’s many research interests. 


Research grants make up the largest category of support provided by the Institute. Public and private nonprofit organizations which 
sponsor and conduct biomedical research and development are eligible for grants. Current grantees include universities, medical schools, 
college hospitals, ane research institutes. 


Copies of the new guide can be obtained by contacting the Office of Scientific and Health Reports, National Institute of Neurological 
and Communicative Disorders and Stroke, Bldg. 31, Rm. 8A06, 9000 Rockville Pike, Bethesda, MD 20205: telephone (305 496-5751. 


VOLUNTARY AGENCY PAMPHLET UPDATED 


A revised and expanded edition of the NINCDS pamphlet Voluntary Health Agencies Working to Combat Neurological ana Communi- 
cative Disorders is new available. 


The pamphlet listsamore than 50 voluntary health organizations alphabetically by disease category, and gives addresses, phone numbers, 
and key personnel fo each organization. 


Copies can be obtaned from the NINCDS Office of Scientific and Health Reports, NINCDS, NIH, Bldg. 31, Rm. 8A06, 9000 Rockville 
Pike, Bethesda, MD 20205; telephone (301) 496-5751. 


BOOKLET SERIES OUTLINES NIH TRAINING OPPORTUNITIES 


A new series of pamphlets, Research and Research-Related Manpower Development Programs Supported by the National Institutes of 
Health, outlines postdoctoral and other training opportunities available in the biosciences through NINCDS and its sister organizations. 


The four-part series of booklets examines NIH training programs for the following educational levels: postdoctoral, postbaccalaureate, 
college, and high schol. Program summaries are provided in each pamphlet; included is information on eligibility, funding, points of con- 
tact, and applicatior deadlines. 


For copies of indiv-dual booklets or the complete four-part series, contact the Grants Inquiries Office, Division of Research Grants, Rm. 
449, Westwood Bldg , 5333 Westbard Ave., Bethesda, MD 20205; telephone (301) 496-7441. 

*This information is prepared monthly by the Office of Scientific and Health Reports, National Institute of Neurological and Communicative Disorders 
and Stroke, National Irstitutes of Health, Bldg. 31, Rm. 8A06. Bethesda, MD 20205. (301) 496.5751. 
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FLEXIBLE FIBEROPTIC ENDOSCOPY IN DIFFICULT INTUBATIONS 


ENJE TH. EDENS, MD 


ROBERTO L. SIA, MD 


GRONINGEN, THE NETHERLANDS 


Intubation problems sometimes occur very suddenly and can be divided irtotwo groups. 
a short neck and long teeth, cellulitis of the tongue, large oropharyngeal tumo= 


The expected ones include the patients with 
obstructing laryngeal tumors, congenital and acquired 


maxillofacial deformities, ankylosis of the temporomandi ular joints, fractures » ankylosing spondylitis of the cervical spine, and all pa- 
tients with a history of previous intubation problems. Unexpected problems cep arise in patients who combine large incisors and canines 
with an inability to open the mouth wide, or when the glottis is invisible because he epiglottis is immobile. The first concern in these cases 
is to restore consciousness, for the conscious patient shows tonus and this facilita-es identification of anatomical landmarks. A 60 cm bron- 
chofiberscope provided with a tube and a freely movable end of 30 cm is suite. Shorter flexible scopes are not adequate. 


Since the days of Asclepiades, the fashionable 
Greek physician who practiced in the Rome of 100 
BC, efforts have been made to find an elegant solu- 
tion to the problem of difficult respiration. Fa- 
bricius, professor of surgery in Padua (1590). stated 
with reference to surgery of the trachea that “of all 
the surgical operations performed in man for the 
preservation of his life by the physician, I have 
always judged to be the foremost that by which 
man is recalled from a quick death by a sudden re- 
possession of life, a feat which raises the surgeon 
nearest to the level of Aesculapius.””* 


Anesthetists, laryngologists and pneumologists 
sometimes find themselves in an acute situation in 
which they must quickly decide on a preferably 
simple method to combat progressive breathing dif- 
ficulties. Given the aids available today, an 
emergency tracheotomy is the least elegant solu- 
tion, even though in some situations a surgieal pro- 
cedure is certainly to be preferred. 


Katz and Berci? took a step in the right direction 
when they evolved their rigid optical stylet. Accord- 
ing to their principles we developed an intubation 
telescope (Fig. 1) which is an excellent aid in 
stridorous patients with obstructing laryngeal tu- 
mors, but is by no means in all cases the appropriate 
instrument to relieve acute dyspnea. The possibili- 
ties of an optical stylet or intubation telescope are 
limited because the introduction is only possible via 
the oral route. 


The following methods have so far been available 
to anesthetists confronted with difficulties of in- 
tubation: a) guided oral intubation,’ b) blind nasal 
intubation,’ and c) cricothyroid puncture with re- 
trograde catheterization.’ All these methods give 
rise to more or less marked injuries of the mucosa of 
the upper air passage. Lesions of the lip, palate or 
teeth are often seen in these cases. Other patients 
show bleeding lesions of the nasal and oropharyn- 


geal mucosa. Forced nasal intubation sometimes 
takes « false route via the posterior pharyngeal 
wall. intubation of the esophagus is not uncommon 
in the: = eases. 


The introduction of the flexible fiberscope paved 
the way to a more effective solution of the problems 
in dif zult intubation. Without doubt, intubation 
with = flexible system is far less traumatic than the 
previcusly mentioned methods via a rigid McIntosh 
laryrgescope.°® 


Al. flexible bronchoscopes with an operative 
length of about 60 cm, a diameter of about 5.9 mm 
and a suction device are suitable as an aid in a dif- 
ficul+ intubation. The ENT Department of the 
Grormgen University Hospital uses the Olympus 
BF-E= R bronchoscope (Fig. 2A). When the instru- 
ment & provided with a standard Portex® tube, a 
free 3eope length of 30.5 cm remains for manipula- 
tion i the endoscopist takes the nasal route. In a 
comparable situation the 46 cm American Optical 





= g. 1. Intubation telescope (Wolf, Knittlingen, W. 
Cemnany). A - Fiberoptic teaching attachment (American 
Cysoscope Makers, Stamford, Conn.). B - Fiberlight con- 
n2=ion; C - Luer connection for washing, suction or ox- 
yz= supply; D - Locking device. 
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Fig. 2. A - 60 cm bronchofiberscope (Olympus); B - 48 
cm flexible laryngcscope (American Optical). 


flexible laryngoscope has a free length of only 18 cm 
for manipulation. In our opinion this is insufficient 
for effective help in difficult nasal intubation (Fig. 
2B). 


TECHNIQUE OF INTRODUCTION 


The nasal route is the most commonly used. An 
oral approach is not advisable because, via the base 
of the tongue, the scope has to be sharply angled in 
order to reach the glottis. The angle required in the 
nasal approach is far less acute: the scope makes an 
almost straight approach to the target. Another ad- 
vantage of the nasal route is that the expensive in- 
strument cannot be damaged by the patient's teeth. 
It is advisable to explore the nasal passage in ad- 
vance so that a proper tube size can be chosen. 
Blood from the damaged nasal mucosa and secre- 
tions often pose problems in that they soil the front 
lens. Suction of the nose and hypopharynx can pre- 
vent many difficulties. Fogging of the lens can be 
prevented by coating it with a soap solution. In 
order to minimize frictional resistance, the first 4 
cm of the bronchoscope are coated with jelly. While 
the instrument is being introduced, an assistant 
should stand by with separated facilities for suction 
drainage. 


Fig. 3. Radiographic views of oro- 
pharynx. A) Conscious patient. Note 
space between base of tongue and 
pharyngeal wall. B) Unconscious pa- 
tient. 





In cases in which difficulties are expected, flexi- 
ble intubation is best done after adequate premedi- 
cation with diazepam (Valium®) and spraying of 
the nasal and oral mucosa with a 4% lidocaine 
(Xylocaine®) solution. The fiberscope with a tube, 
silicone-coated on the inside, is carefully advanced 
through the nose to the nasopharynx. Silicone- 
coating is essential because the fiberscope can be 
retracted from the tube without any friction. The 
introduction should be careful because when it is 
done hastily, the tip can easily disappear into the 
esophagus behind the larynx. At manipulation with 
the flexion control, an upward flexion of up to 45° 
is sufficient to bring the glottis into view. Further 
flexion of 90° and 130° returns the tip to the base of 
the tongue or nasopharynx. 


In patients already sufficiently anesthetized, the 
tongue should be pulled out with forceps or with 
gauze-covered fingers. This maneuver elevates the 
epiglottis and tenses the piriform sinus, thus 
faciliating introduction of this instrument. The use 
of a McIntosh laryngoscope can sometimes surpris- 
ingly improve the overall view, provided the mouth 
can be opened to sufficient width. 


When the vocal cords come into view. the tip of 
the scope is advanced a few centimeters until the 
tracheal rings can be clearly distinguished. The 
thumb should continue to fix the flexion control. 
When the control is released at this critical moment 
the scopetip flips back from the trachea. At this mo- 
ment anesthesia is induced, whereupon the free end 
of the bronchoscope can be passed between the vo- 
cal cords. The tube is then retracted from the flexi- 
ble scope in the trachea. 


DISCUSSION 


Little is known about the incidence of difficult 
intubations. Our personal experience indicates a 
ratio of approximately 1:750 cases. Problem cases 


` 


FIBEROPTIC ENDCSCOPY IN DIFFICUL24 INTUBATIONS 309 





Fig. 4. Nakhosteen bronchoscopy model (C.LA., 
Coburg, W. Germany). 


can be divided into two groups: expected and unex- 
pected difficult intubations. 


The expected difficult intubations comprise some 
90% of all cases, the causes of the difficulties being 
obesity, a short neck, oropharyngeal tumors, cellu- 
litis of the tongue, congenital or acquired maxllofa- 
cial deformities, ankylosis of the temporomardibu- 
lar joint, spondylitis and ankylosis of cervical 
vertebrae, cervical fractures and a histcry of 
previous intubation problems. The unexpected dif- 
ficult intubations comprise the remaining 10% of 
cases. The difficulties become apparent soor after 
injection of barbiturates and muscle relaxants. An 
overlying epiglottis prevents the vocal cords cr even 
the posterior commissure of the glottis from being 
brought into view. Another possible cause of unex- 
pected problems lies in the combination of promi- 
nent and overly long incisors and canines, and a 
mouth which cannot be opened to full width. 


We have occasionally seen dorsal flexion of the 
epiglottis due to proliferation of lymphoid tissue of 


the bas of the tongue and pharyngeal mucosa. 
Touchimz this region with the laryngoscope quickly 
caused ~eeding and obstruction of the view on the 
laryngea inlet. 


Uncoscious and conscious patients show a 
distinct difference in oropharyngeal anatomy (Fig. 
3). The Snscious patient shows tonus of the tongue, 
epiglott: , piriform sinus and muscles of the floor of 
the mou. In the unconscious or paralyzed patient, 
tonus d appears: the tongue sags back, the epiglot- 
tis coves the vocal cords and the piriform sinus 
shows »elaxation. Intubation problems in uncon- 
scious cz paralyzed patients cannot be adequately 
solved antil tonus is restored. The primary concern 
is there pre to restore consciousness. When the pa- 
tient i: breathing spontaneously, the nose and 
pharyn«can be cleansed by suction drainage and an 
attemp: can be made to find the laryngeal inlet 
under Excal anesthesia. 


Fibe-»ptic intubation requires considerable ex- 
perience and constant practice. “Flexible experi- 
ence” e-n be readily gained during nasal intuba- 
tions fæ tonsillectomy or other planned oropharyn- 
geal operations. At the Groningen University Hos- 
pital, bkewever, the ENT Department has the bene- 
fit of o=r 600 fiberoptic bronchoscopies carried out 
annual - in collaboration with the pneumologists. 
Introdaction rehearsals on anatomical models (Fig. 
4) as croposed by Nakhosteen’ enable the inex- 
perieneed endoscopist to study the possibilities of 
the flez ble bronchoscope at his leisure. 


This >rogram provides our department with ad- 
dition] possibilities of instruction in the technique 
of flex ole intubation. We believe that at least 30 
succesul] fiberoptic intubations in both conscious 
and ureonscious patients are required before an en- 
doscopst can be confident of his ability to solve the 
probleas of an unexpected difficult intubation. 
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CHICAGO, ILLINOIS 


An occasiona patient with metastatic or recurrent malignant disease develops intraluminal masses in the trachea ard/or the main 
bronchi. The accuracy of the application, absence of bleeding, slight reaction, and rapid healing make the CO, laser applied through the 
open bronchoscope a valuable palliative treatment for the relief of obstructive dyspnea. This patient is reported because he demonstrated 
the reduced bleeding which occurred with the bronchoscopic CO, lasing as compared to bronchoscopic forceps removal. 


It is usually mpossible to use two completely dif- 
ferent methods of treatment and to make a valid 
comparison of -he two methods in the same patient. 
The patient reported here had intraluminal. metas- 
tatic malignart melanoma of the trachea which 


necessitated re ief of the obstructive dyspnea. 


On four occzsions bronchoscopic forceps removal 
was impeded Ey hemorrhage and on two occasions 
the CO, laser did not cause as much bleeding, and 
relief of the obstructive dyspnea was comparable 
with both methods. 


CASE REPORT 


A 28-year-old male was seen in August 1978 complaining of 
dyspnea, mild couzh and blood-streaked sputum. In February 
1976 he underwent a wide excision of right shoulder melanoma 
with a node dissection. There was no evidence of metastatic 
disease in the 35 sectioned axillary lymph nodes. Pathologic 
classification was Clark level V. Chest radiographs and tomog- 
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raphy demonstrated two round densities overlying the trachea 
and three soft tissue masses within the lumen of the trachea and 
left main bronchus. The trachea was narrowed to 50% of its nor- 
mal lumen and the left mainstem bronchus was narrowed to 80 % 
of its lumen. A gallium scan showed positive uptake only in the 
tracheobronchial and lung parenchymal lesions. Bronchoscopi- 
cally, both tracheal lesions were reddish in color and sessile in 
nature. They were excised using cup forceps followed by 
epinephrine pledgets for hemostasis. Postoperatively the patient 
had minimal hemostasis with less respiratory distress. Three days 
later the left mainstem bronchial lesion was excised, again with 
moderate bleeding that was controlled with epinephrine pledgets. 
The left mainstem bronchus was patent enough to allow a5 x 40 
cm bronchoscope to pass beyond the lesion and to alow visualiza- 
tion of the left bronchial anatomy. No other lesions were visual- 
ized. Postoperative course was free of respiratory distress or 
hemoptysis. Pathologic examination of all lesións revealed 
metastatic melanoma. 


Over the next four months three bronchoscopes were required 
for the relief of dyspnea and each time bleeding was a problem 
and required epinephrine pledgets. During this period chemo- 
therapy and palliative x-ray therapy (3900 rads ove- three weeks) 
were administered with only mild relief of the respiratory symp- 


Fig. 1. Tomographic roentgenograms 
of the chest June 26, 1979. A) Single ar- 
row points to patency of left main bron- 
chus distal to the obstruction. B) Double 
arrow indicates masses in the right wall 
of the trachea. 
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toms. Because of the increased bleeding with each broncl-scopy, 
it was felt that laser excision of the recurrences would -rovide 
safer and more complete excision, thus prolonging the int=rval of 
palliation. 


The patient was admitted to the Eye and Ear Infirmar, of the 
University of Illinois on April 24, 1979, complaining of »ostruc- 
tive intractable dyspnea and hemoptysis. Chest radicgraphs 
showed fullness along the right tracheal wall and a densi> in the 
carinal area in addition to bilateral multiple rounded dersities in 
the lung fields. Bronchoscopy under general anesthesia showed 
four masses of 5 to 7 mm in size along the right lateral tzacheal 
wall and a large mass partially obstructing the trachea and almost 
occluding the left main bronchus. The masses were lased from 
distally to proximally. At the conclusion the tip of the 8 m= by 40 
cm (Wolff International model) bronchoscope could be pxsed in- 
to the left main bronchus. Bleeding was minimal. 


The patient had chest pain following the procedure. T-e chest 
radiograph showed bilateral pulmonary edema. The pazent left 
the hospital on the third postoperative day with much ir=proved 
breathing. 


Two months later the patient again experienced severe -bstruc- 
tive dyspnea (Fig. 1). Bronchoscopy revealed a mass arisamg from 
the right tracheal wall and occluding about 75% of the lumen. 
Because of difficult ventilation, the bronchoscope was foxed past 
the mass and the obstruction was relieved. A large mass vees again 
found at the carina. 


This mass was lased away; however, more bleeding =ccurred 
than at the previous lasing. As the bronchoscope was withdrawn 
the masses were lased away as they appeared at the ec 1 of the 
scope. The patient was discharged on the first postoperacive day 
with much improved breathing. 


The patient was readmitted to Presbyterian-St. Luke's Jospital 
six weeks later because of severe dypsnea. The patien insisted 
that the shortness of breath was different from that which has 
been relieved by the CO, laser. The patient died on ‘Le tenth 
hospital day of respiratory incompetence due to the pt monary 
metastasis. 


DISCUSSION 


The bronchoscopic coupler (Fig. 2) attaehes to 


F ig. 2. Diagram of laser bronchoscopic 
coupler. 
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the articulated arm of the laser and to the bron- 
choscope.'! The coupler directs the infrared beam 
down tbe bronchoscope, the vertical and horizontal 
adjustrents allow placing the impact area within 
the lim its of the bronchoscopic field; the coupler 
contair. a membrane which seals the proximal end 
of the =ronchoscope so respiratory support can be 
given: i contains two lenses for focusing the beam 
at 30 æ- 40 cm and allows the endoscopist to see 
down ‘Fe bronchoscope without danger to his own 
eye. 


The _aser beam is usually adjusted to the center of 
the fie 4. Bleeding is avoided as much as possible 
becaus= blood when lased forms an adherent char 
which ean overheat and increase reaction. Care 
must be exercised to avoid lasing normal tissue 
beyone the tumor as the tumor is destroyed. Also it 
is esser-ial to not burn through the tracheal or bron- 
chial wall. At the present time aspiration through 
the bre achoscope requires separation of the coupler 
and bienchoscope, a time-consuming process and 
especiz ly so if it must be done frequently. 


Intrz2uminal obstructing malignant tumors may 
be lasec to supply palliation by relief of obstruction 
and reduction of cough and bleeding. It is em- 
phasiz=d that lasing of bronchial or tracheal com- 
pressice is avoided. The advantages to the CO, laser 
include accuracy, precise control of area and depth 
of bum, minimal reaction, and slight amount of 
bleedi2z. The case reported here demonstrated that 
bleediaz was less with the CO, laser destruction 
than wth forceps removal. The reduced bleeding 
permis: more adequate removal and therefore im- 
provec palliation.”” 


REFERENCES 


l. Strong MS, Vaughan CW, Polanyi TG, Wal=ce RW. 
Bronchoscopic CO, laser surgery. Ann Otol Rhino! Laryngol 
1974; 83:769-76. 

2. Andrews AH, Horowitz SL. Bronchoscopic CO; taser sur- 
gery. Lasers Surg Med 1980; 1:34-45. 


3. Ładrews AH, Soltes SF. CO, laser for the trachea and 
bronch. In: Andrews AH, ed. Endoscopic and microsurgery with 
the caron dioxide laser. Littleton, Mass: W-PSG Publishing 
Compa, 1981 (in press). 


Ann Otol 90:1981 


SPUTUM CYTOLOGIC DIAGNOSIS OF 
UPPER RESPIRATORY TRACT CANCER 
SECOND REPORT 


H. BRYAN NEEL III, MD, PhD 


DAVID R. SANDERSON, MD 
WILLIAM F. TAYLOR, MD 


ROBERT S. FONTANA, MD 
LEWIS B. WOOLNER, MD 


ROCHESTER, MINNESOTA 


Screening for cancer is a popular issue for debate because few 


, if any, evaluations of the screening process have been conducted on a 


long-term prospective basis with use of concomitant, unscreened controls. We have found that screening of high-risk persons for presymp- 
tomatic lung cancer will identify patients with cancerin the upper and lower respiratory passages. Randomly selected patients enrolled in 
the Mayo Lung Project have undergone sputum cytologic and chest roentgenographic screening at four-month intervals and were com- 
pared with randomly selected matched control subjects who were not intensively screened. The search for upper airway tumers in the head 
and neck region was instigated by abnormal findings on sputum cytology in 12 screened patients. In the same period, 12 other screened pa- 
tients with abnormal results of sputum cytology werefound to have roentgenographically “occult” lung cancer. This finding emphasizes 
the importance of the otorhinolaryngologic examination in screening programs for airway cancer. It is also important to emphasize that 
sputum-negative patients may have obvious, symptomatic tumors of the upper aerodigestive tract that can be easily diagnosed by those 
who are skilled in examining this area. Contrary to owr expectation, there is no definitive evidence that screening has reduced mortality 


from either upper or lower airway cancer. 


Periodic sputum cytology has been incorporated 
in screening programs designed to detect presymp- 
tomatic lung cancer in chronic excessive cigarette 
smokers.'~* This has led to fortuitous identification 
of cancers of the upper respiratory and alimentary 
tracts.° This observation comes as no surprise be- 
cause cigarette smoking is an etiologic factor com- 
mon to both upper and lower respiratory tract can- 
cers. 


The present report describes our experience with 
54 such cases identified during the course of the 
Mayo Lung Project for early detection of lung can- 
cer. Thirty-seven of these cases formed the basis of 
the first report to the American Broncho-Esophago- 
logical Association at its annual meeting in 1978. 


MATERIALS AND METHODS 


During recruitment of subjects for the project, 11,00! patients 
were interviewed. All patients were men older than 45 years of 
age who were smoking one pack of cigarettes or more daily or had 
done so within the previous year. Almost all had smoked heavily 
for more than 20 years. All patients had a complete medical ex- 
amination, including a standard 36- by 43-cm chest reentgeno- 
gram and cytologic examination of a 3-day “pooled” specimen of 
sputum. 


Those found to have cancer of the respiratory tract en this ini- 
tial or “prevalence” examination were appropriately treated, but 
they were excluded from the periodic retesting or “incidence” 
phase of the project, which is the subject of this report. Also ex- 
cluded were patients who did not complete the initial screening, 
patients with limited respiratory reserve who were not eandidates 
for surgical treatment {at least lobectomy), and patients with ill- 


nesses considered sufficiently serious to preclude participation ina 
long-term prospective study. 


The remaining 9,211 patients were randomized into a partici- 
pant (screened) group and a control (comparison) group. The par- 
ticipant (screened) subjects had roentgenographic and cytologic 
rescreening at four-month intervals. The patients in the control 
(comparison) group were advised to have annual rescreening. In- 
tensive efforts were made to secure compliance in the participant 
(screened) group. Their tests have been paid for by the Mayo 
Lung Project. The control (comparison) group was merely con- 
tacted once a year by a letter-questionnaire that did not mention 
roentgenography or sputum cytology. 


Cytologic Diagnosis. The specimens for sputum cytology in 
each patient are pooled, three-morning collections of spontaneous 
deep-cough sputum fixed in 50% alcohol and 2% Carbowax®*’ 
(Doac Pharmacology Company, Inc, Westbury, Long Island, 
NY). 


The cytologic diagnosis of squamous cell cancer is based on con- 
ventional cellular criteria for malignancy. The ‘eatures vary 
somewhat from case to case but generally include increase in size 
of the cells and nuclei, variation in size and shape of cells and 
nuclei, abnormal nuclear-cytoplasmic ratio, nuclezr hyperchro- 
masia with coarse chromatin pattern, and a wrinkled or irregular 
nuclear membrane. Lesser degrees of cellular change are desig- 
nated squamous cell “atypia” and are generally graded as slight, 
moderate, or marked in degree. Squamous differentiation in 
atypical or frankly carcinomatous cells is evidenced by the pres- 
ence of intracytoplasmic keratin, which imparts a glassy or 
homogeneous quality to the cytoplasm and is readily detected by a 
brilliant orange coloration with the Papanicolaou stain. 


Generally, a squamous cell carcinoma arising in the upper por- 
tion of the respiratory tract cannot be distinguished cytologically 
from one developing in the lower portion. 


Examination. Patients with positive results of sputum cytology 
and normal chest roentgenograms almost always have squamous 
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TABLE 1. NUMBER OF MAYO LUNG PROJECT 
PARTICIPANTS AND CONTROLS WITH CANCER IN THE 


UPPER AIRWAY OR LUNG THROUGH JULY 1, 1380 


Patients Participants Controls 
Total entered 4,618 4.593 
With upper airway cancer 30 24 
Per 1,000 persons/yr 1.2 1.0 
With lung cancer 120 83 
Per 1,000 persons’ yr 4.9 3.9 


cancers involving either the upper airway or the first four orders 
of branching of the tracheobronchial tree.” Accordingly. one of 
the first appointments scheduled for these patients is a complete 
otorhinolaryngologic examination, which is usually condueted in 
a physician's office. If a tumor of the upper airway is detected, 
the diagnosis is confirmed by biopsy performed in either the office 
or the operating room. 


Staging. Tumors have been staged according to the recammen- 
dations of the American Joint Committee for Cancer Staging and 
End-Results Reporting (AJC).? 


RESULTS 


Through July 1, 1980, tumors in the upper respir- 
atory and alimentary pathways were detected in 30 
patients in the participant (screened) group and 24 
patients in the control (comparison) group. Lung 
cancer was found in 120 participants and 83 control 
subjects (Table 1). All but one of the tumors in the 
upper respiratory and alimentary passages were 
squamous cell carcinomas, as might have been an- 
ticipated. The one exception was an oneocytic 
adenocarcinoma of the larynx that was deteeted in 
one of the control (comparison) subjects. 


The distribution of cancers by AJC stagimg was 
similar in the two groups (Table 2). 


In the 30 participant (screened) subjects, the 
search for cancer in the upper airway was instigated 
by abnormal sputum cytologic findings in 12 and by 
symptoms (for example, hoarseness, sore throat, 
sore in mouth) in 17. In the remaining patient, the 
tumor was observed during a routine head and neck 
examination for an inflammatory ear problem 
(Table 3). One patient in the participant group had 
a squamous cancer of the anterior tonsillar pillar ex- 
cised; subsequently, an adenocarcinoma of the lung 


TABLE 2. STAGE OF UPPER AIRWAY TUMORS IN MAYO 


LUNG PROJECT PARTICIPANTS AND CONTROLS 


Participants Controls 
Detection by Total Detection by Total 
Stage Cytology Symptoms No. __ Cytology Symptoms No. 
TIS ] ] 2 0 0 0 
I 3 7 10 l 8 9 
II 6 6 12 0 5" 5 
Ill l 0 ] 0 3° 3 
IV l 2 3 0 2 2 
NSt 0 l ] l 4 5 
Total 12 17 295 2 22 24} 


“One patient had two primary tumors. 
TNS - Not staged. 


{One participant and one control subject not included — tumors 
detected on routine head and neck examination. 


TABLE: DETECTION OF UPPER AIRWAY CANCER IN 
3" MAYO LUNG PROJECT PARTICIPANTS 
Method of Detection 
Cytology — Symptoms* Examination 
Number ~ patients 12 17 l 


Age (yr 
Ran= 50-70 47-73 
Mea 62 61 59 


Pack-yeæ 
Ran 95-75 23-120 
Mea 59 66 100 


Site of esz cer 
Lar7ax 8 
Base of tongue 2 
So-t salate 2 
Floe- of mouth -— 
Hypepharynx -— 
Neswharynx — 


*All had negative results of sputum cytology before symptoms 
developec. 

| Otortemlaryngologic examination for ear problem; negative results of 
sputum ology. 


develeped. In the 24 control (comparison) subjects, 
the searh was initiated because of symptoms in 21. 
Two trol subjects had abnormal sputum cyto- 
logic fiedings and concurrent development of symp- 
toms, aid one tumor was found on a routine head 
and neck examination (Table 4). 


The ime from the collection of positive sputum 
to the «st follow-up of the upper airway tumor was 
tabula--d and related to the status (dead or alive) of 
the pa wnt. Death rates were calculated from these 
data. Æ 7 of these 14 patients, the tumor was local- 
ized axl treated fairly promptly (from less than 1 
mont o 5 months); in the other 7, there was a de- 
lay in bealizing the tumor (from 7 to 46 months) 
and ceasequently a delay in treatment. From the 
time æ detection, the subsequent death rate for the 
early-teeated group was 7 per 1,000 months; for the 
later-t=ated group it was 12 per 1,000 months. 
Althcu sh these rates do not differ significantly, they 
are co upatible with the theory that effectiveness of 
scree% ag depends not only on early detection but 
also ea prompt localization, which was not always 
possib e despite intense efforts. 


TABL= 4. DETECTION OF UPPER AIRWAY CANCER IN 
24 MAYO LUNG PROJECT CONTROLS 
Method of Detection 

Cytology Symptoms Examination" 


Numbe>of patients 2 21 ] 
Age vs 
ame 50-73 

Me n 67, 68 64 71 
Pack-vezrs 

Farge 21-106 

M=- n 91 61 106 
Site oF ancer 

Loawnx 2 13 — 

Floor of mouth = 4t — 

Ter gue — 3 l 

H~ sopharynx = lf 

Had palate — ] — 


*Rouaae-otorhinolaryngologic examination; negative results of sputum 
cytology _ 
tOne-gatient had two primary tumors. 
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TABLE 5. SURVIVAL OF MAYO LUNG PROJECT 
PATIENTS WITH UPPER AIRWAY CANCER 


Participants Controls 


Total with cancer 30 24 
Deaths 12 4 
ae airway cancer 9” 4 
Other cause 3 0 


* Results of sputura cytology negative in five and positive in four. 


Survival deta are more meaningful now than 
they were at tae time of the first report.* Among the 
30 participants, 18 are alive and free of tumor and 
12 have died; 9 of the 12 died from their upper air- 
way tumors. Among the 24 controls, 20 are alive 
and free of tumor and 4 have died; all 4 died from 
their upper airway tumors (Table 5). Of the nine 
participants who died, four had had positive results 
and five had Fad negative results on sputum cytol- 
ogy. For analvsis of survival from the time of first 
detection, the 24 controls were compared with the 
30 participant.. For controls, the four deaths due to 
upper airway cancer occurred during an exposure 
time of 814 pe-son-months, a rate of five deaths per 
1,000 months. For participants, the findings were 
somewhat different; there were nine deaths in 934 
person-months, a rate of ten deaths per 1,000 
months. Contrary to our expectations, there was no 
evidence that survival of participant (screened) sub- 
jects is better tnan that of control (comparison) pa- 
tients. Althouch there seems to be a difference in 
Figure 1, these rates are not significantly different. 


DISCUSSION 


The Mayo L ıng Project was undertaken primari- 
ly to evaluate a screening program for lung cancer 
in high-risk subbjects.'? Simply stated, it was de- 
signed to answer the question, “Does offering 
screening for early lung cancer work?”* The 
discovery of several patients with tumors in the up- 
per respiratory and alimentary passages in the head 
and neck region by sputum cytology emphasizes the 
well-known faet that patients who are at risk for 
lung cancer are also at risk for squamous cell car- 
cinoma of the nead and neck region. This is illus- 
trated by the observation that 54 of the 257 patients 
(21%) in the project who were found to have cancer 
through July 1 1980, had tumors in the head and 
neck region (excluding the lip). 


Cytologic changes may evolve from negative 
findings or slight atypia to moderate or marked 
atypia. This trensition occurs during the course of 
months or several years, the time involved being 
quite variable. Symptoms may develop at approx- 
imately the time that sputum cytologic tests become 
positive.° 


The search fcr these tumors in the upper airway 
of the head anc neck region was prompted by ab- 
normal sputum cytologic findings in 12 participant 
(screened) patients. In the same period, 12 other 
screened patien:s with abnormal results of sputum 
cytology were Hund to have roentgenographically 
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Fig. 1. Actuarial survival curves, showing percentage of 
patients (screened and comparison subjects) surviving up- 
per airway cancer by years after detection. 


“occult” lung cancer.* Therefore, half of the pa- 
tients with abnormal findings on sputum cytology 
had “occult” cancer in the upper airway and half 
had “occult” cancer in the lower airway (lung). 
This finding emphasizes the importance of the oto- 
rhinolaryngologic examination in screening pro- 
grams for airway cancer. Those who use sputum cy- 
tology as part of a cancer screening program should 
be aware of the distribution of the cancers in the 
upper and lower airways. 


The 17 participant (screened) patients in whom 
symptoms developed and the 1 asymptomatic pa- 
tient who had an otorhinolaryngologic examination 
for an unrelated problem had negative results of 
sputum cytology on one or more occasions before 
the otorhinolaryngologic examination at which 
their tumors were detected. Thus, sputum cytology 
may yield negative results at the same time that 
cancer can be readily detected by a thorough exam- 
ination of the upper respiratory and alimentary pas- 
sages; the patient may or may not be symptomatic. 
Furthermore, the stage of the tumors seemed to be 
comparable in the participants in whom tumors 
were detected cytologically and in those in whom 
they were detected because of symptoms. Similarly, 
when all participant (screened) and control patients 
were compared, the various stages of the cancer 
were about equally represented in the two groups. 


Contrary to our expectations, survival in the par- 
ticipant (screened) patients, including those whose 
examination was instigated by abnormal results of 
sputum cytology, is no better than that in the con- 
trol (comparison) patients. Perhaps the similarity of 
the survival data is related to the fact that the distri- 
bution of patients among the various disease stages 
in the two groups is similar. 


The onset of symptoms closely approximated the 
time that results of sputum cytology become abnor- 
mal in many of the patients. Questioning of high- 


SPUTUN CYTOLOGIC DIAGOSIS 


risk patients about symptoms and performmng a 
thorough examination of the upper respiratory and 
alimentary passages are the usual approaches for 
early diagnosis. Sputum cytology will help reveal a 


315 


substart al number of these tumors in high-risk pa- 
tients, bit it does not seem to improve survival over 
that adieved by localization of the tumor after 
sympto-as develop. 
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UNUSUAL PRESENTATIONS AND PROBLEMS CREATED BY 
MISMANAGEMENT OF FOREIGN BODIES IN THE AERODIGESTIVE 
TRACT OF THE PEDIATRIC PATIENT 


SEYMOUR R. COHEN, MD 


Los ANGELES, CALIFORNIA 


Nine children who suffered unusual problems because of the mismanagement of ingested or inhaled foreign bodies are reported. The 
causes of mismanagement are discussed and the details of the histories, examinations and follow-up are given. The serious complications 
were pulmonary hemorrhage, tracheoesophageal fistulae, mediastinitis resembling a mediastinal tumor, periesophageal infection from 
perforation, loss of a Fogarty® catheter tip in a segmental bronchus, laryngeal stenosis from a cricothyrotomy in an infant, and the displac- 
ing of a foreign bedy into an almost inaccessible distal bronchus. All of these unusual problems, and the resultant morbidity and financial 


cost, could have been avoided with proper management and early diagnosis. 


This study reports a series of unusual complica- 
tions and the problems in treatment which were 
created by the mismanagement of foreign bodies in 
the aerodigestive tract in children. 


The diagnosis and management of foreign bodies 
in the air and food passages ordinarily poses few, if 
any, problems for the skillful endoscopist. How- 
ever, many aspects of mismanagement described in 
this paper did create problems for the endoscopist, 
and imposed serious complications which were fre- 
quently life-threatening for the child. The unre- 
ported morbidity that is created by foreign bodies 
which are improperly managed has been greatly 
underestimated, and the resulting excessive finan- 
cial drain on parents and society is difficult to as- 
Sess. 


In 1936 Jackscn’ reviewed 3,000 cases of foreign 
bodies and listed carelessness as the primary cause 
of their ingestion or inhalation in 87% of the pa- 
tients. Eighty-two percent of the problems occurred 
in children under 15 years of age. Estimates vary, 
but the yearly death rate continues to be in the 
thousands. 


The patients presented in this study have been 
chosen in order to stress the many factors which 
produced unusual complications and created dif- 
ficulties in their endoscopic management. The fac- 
tors which may be responsible for the mismanage- 
ment of foreign bodies are listed as follows: 


1. Absence of a positive history. 


. Absence of positive roentgenogram findings. 


2 

3. Inadequate roentgenographic studies. 
4. Omission from the primary diagnosis. 
5 


. Errors created by inexperienced consultants. 


Inappropriate use of instruments. 
Inappropriate techniques of removal. 


Inexperienced endoscopists. 


O o ND 


Inadequate communication between anes- 
thesiologist and endoscopist. 


10. Always expecting the foreign body to be on 
the right side.? 


11. Parental ignorance or negligence. 


Each patient presented with one of the above 
problems. Frequently the absence of a positive his- 
tory seemed to exclude the probability that a for- 
eign body could be the source of the child’s prob- 
lem-symptom complex. When a negative x-ray 
study was obtained, even though the roentgen 
studies were inadequate, a foreign body was often 
ruled out from the differential diagnosis, and in 
some instances was not even suspected. At times, 
the x-ray study was merely obtained to “rule out 
pneumonia.” In some of the patients, the respira- 
tory symptoms were not even thought to have arisen 
from the digestive tract (ie, the hypopharynx or 
esophagus), and thus the proper diagnosis was com- 
pletely missed and erroneous therapy was therefore 
instituted. Inexperienced consultants (in one in- 
stance a gastroenterologist and in another an otolar- 
yngologist) misled the pediatrician or primary phy- 
sician and thus caused serious delay in arriving at 
the proper diagnosis. In the child reported herein 
with severe hemoptysis-hematemesis, the consul- 
tant’s diagnosis of Mallory-Weiss syndrome delayed 
the diagnosis of a foreign body in the lung which 
consequently produced life-threatening hemor- 
rhage. In the child with stridor, the ear, nose and 
throat consultant erroneously made the diagnosis of 
laryngomalacia, which was then compounded by 
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inadequate therapy and misleading and inadequate 
roentgen studies. The use of the fiberoptic broncho- 
scope for attempted removal of the foreign bedy in 
one instance pushed the foreign body into an almost 
inaccessible area of the bronchial tree. In another 
patient the tip of the Fogarty® catheter, lost in a 
segmental branch of the right upper lobe, fortun- 
ately was successfully removed later with the use of 
the image intensifier. In one child who had a for- 
eign body in the larynx and in the bronchus, at- 
tempted removal on three occasions with faulty en- 
doscopic-anesthesia control resulted in repeated un- 
successful endoscopic procedures. This same patient 
had had a cricothyrotomy because of the severe air- 
way obstruction and then developed a severe ‘aryn- 
geal stenosis. He still wears a tracheotomy tube 
many months after his original inhalation of the 
foreign object. Often the parent is not entirely 
faultless. In the last case reported in this paper, the 
child’s dysphagia was completely ignored until 
choking became severe to the point of near asphyx- 
iation. This child was found to have a coin in the 
esophagus which had wandered and had perforated 
into the trachea, creating mediastinitis. When dys- 
phagia first occurred in this child a single film could 
have diagnosed her disease and could have pre- 
vented this serious complication. This latter foreign 
body is the only one in the series that was not 
retrieved by endoscopic means; the child required a 
thoracotomy. 


LITERATURE REVIEW 


Cohen et al? reported that 62% of the foreign 
bodies in their series were on the left side of the 
chest. 


Friedberg? in 1970, before the American Bron- 
cho-Esophagological Association, reported that the 
journal Today’s Health published by the AMA con- 
tained an article on “The Killer That Came to Din- 
ner. 


Friedberg,’ in his report of the Committee on 
Prevention of Foreign Body Accidents before the 
American Broncho-Esophagological Association in 
1973 said that stressing the mortality rate caused by 
foreign bodies was contrary to fact. He stated that 
while the death rate is more dramatic, creates deep- 
er feelings, and is more provocative, the cost to soci- 
ety of ingested foreign bodies probably exceeds the 
drama of the death rate in many ways. 


LeJeune® in his Presidential Address before the 
American Broncho-Esophagological Association in 
1968 reported the case history of a child who had 
been ailing for four months with cachexia from no 
identifiable cause. Finally when a film which in- 
cluded the cervical region revealed a foreign body 
in the postcricoid area, removal was difficult and 
complications of bilateral vocal cord paralysis made 
a tracheotomy necessary which was worn for 15 
years until an arytenoidectomy was performed. 


Yee et al® reported on extraluminal foreign 
bodies, -ll of which were coins in the food and air 
passage They reported four cases of children vary- 
ing in ace from two to eight years in whom external 
surgery was necessary for removal of a foreign body 
which zad wandered beyond the confines of the 
esophais. One had an esophagobronchial fistula 
which ~=quired gastrostomy feedings. 


Morioka et al’ reported on unexpected foreign 
bodies und on routine preoperative roentgen ex- 
aminat ons for other planned surgeries. One patient 
had be treated for two years for episodes of dys- 
phagia which were attributed to emotional causes. 
Another patient, who was admitted for routine 
bilatera myringotomy and ventilating tubes, had a 
preopeative roentgenogram of the chest which 
showec a coil spring in the right bronchus. The 
third petient had been treated for laryngotracheal 
bronchi-is for three days prior to and four days after 
admiss@n. When no change occurred following 
therap= the patient was laryngoscoped, revealing a 
wedge -f photographic film in the larynx. 


Zava a et alë report on the role of the fiberoptic 
bronct «scope for removal of foreign bodies and in- 
dicate that without intensive training in the use of 
this ins rument, the patient will suffer the follow- 


ing: 
1. Displacement of the foreign body to an un- 
favoracle position, making its removal difficult. 


2. Trauma to the bronchial tree with infection, 
bleedi 2 or perforation. 


3. «. rway obstruction secondary to losing the 
foreiga body in the subglottic area. 


4, b-eaking the foreign body into pieces. 


5. Hypoxia and possible cardiac arrest because of 
failure to utilize supplemental oxygen. 


The authors admonish the endoscopist that in 
children and infants “the rigid tube and not the 
flexibE bronchoscope should be used in pediatric 
cases >œcause of the small diameter of the trachea 
and gicttis.”’ 


Ritts’ warns against the use of balloons along 
with mdiology to remove foreign bodies in the eso- 
phagu= because there may be a nonopaque foreign 
body esent or a bone with a sharp point may be 
withir the foreign body. Removal or extraction, he 
contirees, can cause perforation, and if the foreign 
body = large it may hang up at the cricopharyngeus 
area, ~ausing obstruction and even death. 


CASE REPORTS 


Case 2 A 13-year-old male was admitted to the Childrens Hos- 
pital of fos Angeles on November 18, 1978. His history was one of 
being æ asthmatic, under treatment with desensitization and 
medica Dn with prednisone. His present illness started six days 
prior tc admission, when the patient was reported to have swal- 
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lowed the clip portion of a Lindy® pen. The patient was told to 
observe his stools for the clip and when it did not pass after six 
days, a roentgenogram of the abdomen was taken which was re- 
ported as normal. Subsequently, a chest roentgenogram was ob- 
tained which revealed the metallic foreign body to be in the right 
mainstem bronchus. He was taken to the operating room by the 
local otolaryngolozis: and bronchoscoped with a fiberoptic bron- 
choscope. The foreign body could not be removed after two hours 
of surgery. He was transferred to the Childrens Hospital of Los 
Angeles, where the physical examination on admission was unre- 
markable except for the inspiratory and expiratory rhonchi and 
diminished breath sounds in the right base posteriorly. Roentgen 
studies revealed the metallic foreign body now to be in the right 
lower lobe bronchus, 7.5 cm from the carina. Laboratory findings 
were within normal limits. The patient was taken to the oper- 
ating room follow ng an initial dose of intravenous steroids and 
antibiotics, and bronchoscopy was performed. Erythema and 
edema of the laryr x and of the right bronchial tree were found. 
The foreign body could not be seen, and although it could be 
palpated with a forceps, it could not be removed. Three days later 
on November 22, after a course of antibiotics and continuation of 
steroids, bronchoscopy with the aid of the image intensifier made 
successful surgery of the foreign body possible. The patient was 
discharged on the day after removal to be followed by his 
pediatrician. His postoperative roentgenogram of the chest was 
normal and he wa: continued on antibiotics for two weeks. The 
postoperative follow-up indicated that this child had no further 
problems. 


COMMENT. This case illustrates the potential inade- 
quacy and hazards of fiberoptic bronchoscopy in 
the treatment ef foreign bodies in children. It also 
points to the faet that a report by a child that he has 
swallowed something does not rule out aspiration. 
When there is < positive history without a complete 
examination which includes roentgenograms, wait- 
ing for spontaneous extrusion of a foreign body may 
lead to an incorrect diagnosis and may cause serious 
complications. It would seem prudent to always 
adequately examine a patient with roentgenograms 
on any report of swallowing, choking or aspirating 
foreign materia., and even when findings are nega- 
tive, to strongly consider endoscopic examination. 


Case 2. A male born December 19, 1972, was the product of a 
normal delivery anc pregnancy. The chief complaint was breath- 
ing difficulty, and increased difficulty and choking while feeding. 
Two months prior to his present complaint, this 10-month-old in- 
fant began to cry while crawling on the floor, and could not be 
appeased for a nur ber of hours. Preceding this crying episode, 
the mother noticed -hat he had a choking spell. He was taken to 
his pediatrician that afternoon, after developing fever and swell- 
ing in the neck. Roentgenograms of the chest were reported as 
normal, whereupon he was given penicillin therapy and his tem- 
perature soon returned to normal. However, stridor persisted and 
the child developed increasing difficulties in swallowing. He was 
referred to an otolaryngologist whose diagnosis was laryngomala- 
cia, and who gave reassurances to the parents that the stridor 
would disappear with growth and development. However, with 
an increased difficu ty in swallowing, persistence of stridor and 
loss of weight. the pzrents requested further consultation. On Oc- 
tober 4, 1973. an exe mination revealed a loud inspiratory flutter- 
ing stridor and an expiratory stridor which could be heard at the 
mouth. There were no neck masses palpable and the pharynx 
looked perfectly normal. The remainder of the ear, nose and 
throat examination was within normal limits, except for the 
presence of a bifid uvula. Roentgenograms of the neck and chest 
and an esophagram were taken soon after this examination. These 
roentgenograms revealed a quadrangular discoid opaque foreign 
body in the soft tisst es of the neck in the midprecervical region. 
There was associated moderate soft tissue swelling into the poster- 
ior laryngopharyngeal area with bowing of the cervical tracheal 


air column. The heart, lungs and mediastinum were perfectly 
normal. On barium esophagram, only one half of a foreign body 
appeared to be in the lumen of the cervical esophagus. 


The child was admitted to the Childrens Hospital of Los 
Angeles on October 5, 1973, and on the following morning eso- 
phagoscopy and removal of a piece of ceramic porcelain 2 x 1", 
cm in size was accomplished. The foreign body had perforated 
the retropharyngeal and periesophageal tissue. Intravenous peni- 
cillin was given and on the following day the child was dis- 
charged, but remained on oral antibiotics for a period of two 
weeks. He was seen periodically and had persistent stridor for ap- 
proximately three weeks. On October 24, 1973, an esophagoscopy 
showed the esophagus to be healed and without stricture forma- 
tion. 


COMMENT. This patient’s problems were created by 
the inadequacy of roentgen studies which showed 
only limited areas on examination. In children, the 
neck should be included in a chest roentgenogram. 
If foreign bodies are suspected, the abdominal cavi- 
ty should also be included in the roentgenological 
examination. The first x-ray studies of the chest 
were limited to the level of the clavicle. The 
original otolaryngologist fell into the trap of assum- 
ing that stridor is most often due to laryngomalacia, 
and therefore made that diagnosis. To and fro 
stridor is rarely seen in that benign lesion, and 
feeding difficulties rarely accompany that diagno- 
sis. Ignoring the choking spell that was originally 
reported by the mother masked this child’s problem 
and created a potentially serious complication. 


Case 3. A male child was admitted to the Childrens Hospital of 
Los Angeles on June 28, 1973, with the diagnosis of a mediastinal 
tumor mass. This 3',-year-old child lived with his grandmother, 
who reported that for two months prior to his admission he had 
developed increasing nocturnal noisy breathing. He had no 
cough, cyanosis or weight loss. Ten days prior to his admission to 
the hospital, as part of a routine physical examination, a roent- 
genogram of the chest was obtained which showed a mediastinal 
mass. The physical examination revealed a small but active boy 
with a to and fro stridor associated with suprasterral and inter- 
costal retractions. Prominent lymphadenopathy in the posterior 
cervical and inguinal regions were found. Hepatosplenomegaly 
was not found. He was afebrile and had coarse rhonchi in the 
chest. His admission laboratory studies were within normal 
limits, except for a 10,400 white blood count. An excisional biopsy 
of the posterior cervical triangle and inguinal lymph nodes was 
performed, after a tentative diagnosis was made of Eodgkin’s dis- 
ease, lymphoma or other malignancy. Histopathological examin- 
ation showed reactive hyperplasia of the lymph nodes. The child 
was then scheduled for a thoracotomy, but because of the airway 
obstructive disease, the anesthesiologist requested an otolaryngol- 
ogical consultation for a possible endoscopy to be performed prior 
to giving the general anesthetic. A foreign body was suspected by 
the consultant, and an esophagram was advised. The esophagram 
showed an irregularity and narrowing of the esophageal lumen 
with marked narrowing of the tracheal airway. Direct laryngo- 
scopy revealed a normal larynx, and tracheal narrowing could be 
seen when the vocal cords abducted. Esophagoscony was per- 
formed under apneic technique and a foreign body was found im- 
bedded within the folds of the esophagus. A plastic C-shaped 
package closer was removed. The patient was treated with intra- 
venous antibiotics postoperatively and was fed orally. At the end 
of one week, esophagoscopy still showed the esophagus to be 
somewhat narrowed. The bronchoscopy revealed persistent tra- 
cheal narrowing in the midportion of the trachea, just above the 
thoracic inlet. The patient was discharged on antibiotics and was 
again esophagoscoped two weeks later, at which time the esopha- 
gus was healed, although slightly narrowed. On Octeber 1, 1973, 
esophagoscopy revealed a normal esophagus and he was dis- 
charged to continued pediatric care. 
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COMMENT. This child was misdiagnosed because of 
a lack of a positive history of foreign body ingestion. 
The diagnosis of a foreign body was not made be- 
cause it was not suspected in the primary diagnosis. 
Tracheal obstruction in children should mandate 
the exclusion of esophageal disease. The findings on 
an esophagram spared this child a thoracotomy, 
and led to accurate diagnosis and management of 
his problem. 


Case 4. This 19-month-old (born August 6, 1978), who was 
asymptomatic, presented on March 28, 1980, with x-ray evidence 
of a foreign body in the right upper lobe — a piece of Fogarty 
catheter which had been broken off during an endoscopic examin- 
ation performed elsewhere. The past history elicited the informa- 
tion that this child was normal until he choked while eating pea- 
nuts and was taken to an outlying hospital. A roentgenogram of 
the chest on March 19, 1980, with right and left decubitus roent- 
genograms and fluoroscopy showed marked hyperlucencr of the 
right lung with limited diaphragmatic motion and mediastinal 
shift to the right during expiration. These findings were compati- 
ble with a right-sided bronchial obstruction, for which bron- 
choscopy was performed. An impacted piece of peanut in the 
right main bronchus was noted by the surgeon, who used a Fogar- 
ty catheter to disimpact the peanut fragment. Subsequently the 
fragment was removed but it was noticed that a piece of the 
Fogarty catheter had broken off and had remained in the right 
upper lobe. A second bronchoscopy was then performed, but the 
foreign body could not be seen and the child was referred for 
removal of the foreign body. 


The infant was admitted to the Childrens Hospital of Los 
Angeles on March 28, 1980, when laryngoscopy and broncho- 
scopy were performed. The foreign body could not be seen since it 
was in the peripheral area of a segmental bronchus, but was re- 
moved with the image intensifier. He was discharged two to three 
hours after bronchoscopy, to be followed by his pediatrieian. A 
roentgenogram of the chest taken after the foreign body removal 
showed the chest and lung fields to be normal. 


COMMENT. The inappropriate use of an instrument 
neither designed for nor intended for the remeval of 
foreign bodies created the need for two additional 
anesthetics and endoscopic procedures when one 
might have sufficed. The use of a Fogarty catheter 
to remove a foreign body seems unwarranted in 
light of this very probable complication. 


Case 5. A 17-month-old Laotian female, born in a refugee 
camp in Thailand, was first seen in a pediatric office ten days 
prior to her admission to the Childrens Hospital of Los Angeles. 
The chief complaint was fever 102° F (38.5° C), cough, grunting 
respirations and increased respiratory rate. A roentgenogram of 
the chest revealed a left lower lobe infiltrate. Examination 
showed bilateral basilar rales. On admission to an outside 
hospital, her temperature was 104° F (40° C) and her laboratory 
findings showed a hyperchromic microcytic anemia with giar- 
diasis and a urinary culture of 100,000 Escherichia coli. She was 
started on iron and flagyl. A sweat test, SGOT and SGPT were 
normal. She remained febrile between 99 and 102° F (36.5 to 
38.5° C) throughout her hospitalization. Serial roentgenograms 
showed little change in the left lower lobe infiltrate, but revealed 
increasing hyperlucency of the left upper lobe with shift of the 
mediastinum into the right chest. There was no histery of a 
foreign body aspiration. An intermediary PPD was negative, and 
the parents had normal chest roentgenograms on arriving in this 
country. 


The patient was transferred to the Childrens Hospital of Los 
Angeles, where examination showed a small Asian female in no 
distress. Vital signs were within normal limits and the examina- 
tion was normal, except for the marked reduction in breath 
sounds over the left chest, with increased resonance to pereussion. 


The hear „vas normal except for a grade 2/6 systolic ejection mur- 
mur. Th WBC was 22.8, hemoglobin was 11.3, SMA 12 was 
normal. »ood cultures and stool cultures were negative, Giardia 
was seen ïa the stools on an ova and parasite stain. The child had 
a negativ= PPD and a negative SKSD, but had a positive Candida 
skin test. Castric aspiration was negative for acid-fast bacillus and 
tomograms of the chest showed no abnormalities. The patient 
was treat] with antituberculus medication and intravenous cefa- 
mandole Otolaryngology consultation was followed by endo- 
scopic amination. Bronchoscopy on December 14, 1979, 
showed < arge piece of rice in the left lower lobe bronchus, with 
remarka»æ reaction around the foreign body. After removal of 
the foreizn body, all chest findings returned to normal, the pa- 
tient became afebrile, and she was discharged on the second day 
after bremchoscopic removal of the foreign body. She was re- 
admittec or another endoscopic procedure on January 2, 1980, 
when ptæilent secretion was still seen streaming from the left 
mainster®bronchus, and there was persistent swelling of the mu- 
cosa. Be=ause the cultures of the bronchial secretion showed a 
pneumoeeccus, the child was discharged on oral antibiotics. 
Another Eronchoscopy was performed on January 21, 1980, at 
which tiare there was some inflammation and a roentgenogram of 
the chest = iggested early bronchiectatic changes in the lung. 


COMMENT. An absent history, the supposition that 
refugee. most likely have tuberculosis in spite of 
negative laboratory findings, and the ignoring of 
the fact that obstructive bronchial lesions may be 
attributable to foreign bodies led to a delay in diag- 
nosis. This resulted in increased morbidity, expen- 
sive hospitalization and the potential for bronchiec- 
tasis. 


Case ¢. A male born June 5, 1977, was first seen on May 30, 
1980, w=a the chief complaints of increasing respiratory difficul- 
ty, noisy ereathing, difficulty in swallowing and loss of 0.45-0.9 
kg (1-2 E of weight over a period of two weeks. The following 
history was obtained. Three and one-half weeks prior to admis- 
sion the =aild had a runny nose and low grade fever. He was seen 
in an en®& gency room by his pediatrician, was found to have stri- 
dor, and | ad complained of right shoulder pain with violent eme- 
sis. He ws given an antibiotic. Two weeks prior to admission, he 
was aga seen by his pediatrician with what was described as a 
croup-lile syndrome, for which ampicillin was advised. One and 
one-half weeks prior to his admission he was again seen, and the 
child wa noted to hold his neck stiffly. The antibiotic was 
changed erythromycin. He continued to cough, vomit and have 
labored Ereathing and was finally referred for ear, nose and 
throat examination as a case of unresolved croup. Roentgeno- 
grams which were taken originally to determine the status of his 
airway Swed no evidence of disease. There was no history of as- 
piration — ingestion of a foreign body. 


When -e was first seen, this 3-year-old male was pale, uncom- 
fortable nd munching on a cookie. Soon after attempting to 
swallow I e began to choke, sputter, cough and vomited with se- 
vere spams. Examination of the ear, nose and throat was normal, 
except tÈ t the neck was somewhat stiff and resisted hyperexten- 
sion, The was tenderness to palpation in the lower portion of 
the neck and rhonchi were heard in the chest bilaterally. A review 
of the raentgen studies which had been taken two weeks prior to 
his being seen showed the chest to be normal but there was full- 
ness in ta upper esophagus with a suggestion of air bubble within 
the esopBagus. He was taken to the Radiology Department, 
where @ -oentgenogram of the chest revealed a widened med- 
iastinurr -~ A lateral film of the neck and airway showed narrow- 
ing of t= tracheal airway at the thoracic inlet. The perieso- 
phageal =ea was severely widened. A swallow of barium showed 
a nonopsqjue plastic jack in the upper esophagus with a large 
tracheoe=phageal fistula. On the lateral film there was a sugges- 
tion tha a foreign body projected into the tracheal air column. 
The chiE was immediately admitted to Childrens Hospital of Los 
Angeles sad was started on ampicillin and gentamicin. His labor- 
atory fire ings were within normal limits, except for a WBC of 
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11,100. The following morning laryngoscopy, bronchoscopy and 
esophagoscopy were performed. The larynx was normal, but the 
trachea was found to have a ball prong of the jack projecting into 
its lumen through a perforation in the party wall. The esophago- 
scopy showed seve-e periesophagitis and esophagitis with a per- 
foration through which a portion of the jack extended anteriorly 
into the trachea. The jack was gently disengaged from the trachea 
and easily removed. Postoperatively, a nasogastric feeding tube 
was passed and the child was maintained on his antibiotics with 
intravenous fluids. *eedings were given only through the nasogas- 
tric feeding tube. @n the sixth postoperative day, the child being 
afebrile, oral clear liquids were started and no choking was evi- 
dent. On June 11, he was taken to the operating room after an 
esophagram showed no evidence of a persistent trachecesophageal 
fistula, and the endoscopy procedures showed the tracheoesopha- 
geal fistula to be completely healed with no significant stenosis of 
the esophagus. He was discharged on the following day on am- 
picillin and was again seen on June 19 (one week later) at which 
time he was gaining weight and had completely recovered. 


COMMENT. Because the original roentgen studies 
were reported as negative, a foreign body was no 
longer suspected. The misinterpretation of the 
symptoms of stridor and a brassy cough as croup 
created a life-threatening problem in this child. The 
persistence of the complaints in spite of adequate 
antibiotic therapy should have suggested the need 
for further investigation into the true cause of the 
symptoms. The prolonged presence of the foreign 
body caused a tracheoesophageal fistula. 


Case 7. A 4-year-old female was admitted to the Childrens 
Hospital of Los Anceles on September 24, 1980. There was a his- 
tory of several days 3f cough and fever prior to admission. The vi- 
tal signs showed the temperature to be 100.4° F (38.2° C), pulse 
170, respirations 6(, and the blood pressure to be normal. The 
ear, nose anc throat and heart were normal on examination. The 
chest examimation revealed grunting respirations and coarse 
breath souncs bilaterally with rhonchi. Her abdomen was soft 
and bowel sounds were present. The abdomen was distended 
with air. The WBC was 12.8, and roentgenogram of the chest, 
which was brought in with the patient, revealed an abnormally 
tilted coin in the esphagus. On the lateral roentgencgram, the 
coin could be seen to be partially within the tracheal air column. 


Because of her respiratory difficulty, she was immediately ta- 
ken to the operating room and bronchoscopy was pertormed. A 
portion of the coin (a penny which was corroded and black) was 
seen in the left posterolateral wall of the trachea with a fistula. 
Esophagoscopy was then performed, but the foreign body could 
not be seen within tk e lumen of the esophagus. With each ventila- 
tion by the anesthesiologist, an air blast could be heard in the 
esophagus. Since the foreign body was too large to be removed 
through the trachea and larynx, a right thoracotomy was per- 
formed by the Thoracic Surgery Department. At thoracotomy, a 
large lymph node mass was seen around the coin, which was 
blackened fram its long presence in the patient. The removal of 
the coin resulted in a large defect in the trachea, which measured 
about 1 cm or more in length; the defect was closed. 


Postoperatively, the patient was given peripheral hyperalimen- 
tation. A barium esc phagram two weeks later showed severe as- 
piration through a lerge tracheoesophageal fistula, and a gastros- 
tomy was performec. Her postoperative course was complicated 
by spiking fever, a urinary tract infection, and recurrent pneu- 
monitis. Intravenous cefamandole was given throughout her hos- 
pitalization. On Nowember 12, almost six weeks after admission, 
she was able tp take Dral feedings without aspiration and she was 
advanced to a full diet. She was discharged on November 13, 
1980, was seen by a thoracic surgeon on December 2. and was 
found to be dcing well, gaining weight, and eating normally. The 
gastrostomy was completely healed. 


COMMENT. This patient represents the difficulties 
which may deve op when the patient or parent does 


not observe minor symptoms such as dysphagia as 
this child unquestionably had for a period of time 
prior to her developing a tracheoesophazeal fistula. 
It was only after severe choking spells occurred that 
the importance of her symptoms caused the parents 
to seek medical help. Had the minor symptoms been 
reported earlier, a roentgenogram of the chest 
would have shown the coin in the esophagus which 
could easily have been removed, thus avoiding this 
life-threatening complication. 


Case 8. An 11-month-old male was transferred tc the Childrens 
Hospital of Los Angeles on July 19, 1980. The history documents a 
choking spell on July 10, 1980, while he was eating a chicken leg. 
The child became cyanotic and was taken to the loeal hospital by 
the paramedics. Because he could not be intubated, a cricothyro- 
tomy was performed.* Laryngoscopy and bronchescopy showed 
edema of the vocal cords, but a foreign body was aot found. On 
July 13, 1980, he was again taken to the operating room and di- 
rect laryngoscopy and bronchoscopy showed a piece of chicken to 
be present between the true vocal cords. The tracheotomy tube 
was removed from the cricothyrotomy incision, following which 
the child developed severe respiratory obstruction with substernal 
retractions. Another bronchoscopy was performed. but a foreign 
body could not be found and a standard tracheotomy was per- 
formed to relieve his airway obstruction. Roentgen studies taken 
postoperatively showed a left upper lobe pneumoria, for which 
he received treatment with antibiotics. Because ef the spiking 
fevers, he again had laryngoscopy and bronchoscopy, but remov- 
al of the foreign body from the left mainstem bronchus was not 
accomplished. He was therefore transferred to the Childrens Hos- 
pital of Los Angeles for further care. On admission, the physical 
examination revealed a tracheotomized child in no distress. He 
was taken to the operating room on the day of admission and 
direct laryngoscopy and bronchoscopy were performed. A foreign 
body and granuloma were removed from the right mainstem 
bronchus. A severe laryngeal stenosis was seen on laryngoscopy. 
Intravenous Keflin® was administered, but 5e spiked a 
temperature to 39.7° C and a roentgenogram snowed a left 
perihilar infiltrate consistent with aspiration pneumonitis. A bar- 
ium esophagram showed aspiration into the trachea and oral 
feedings were discontinued. He was fed by nasogastric tube and 
one week later an endoscopic examination showed marked reduc- 
tion in the sensation of the larynx, consistent with superior 
laryngeal nerve paralysis. Within two weeks he began to feed nor- 
mally without aspiration. On July 30, 1980, he became icteric 
with increased liver enzymes and all laboratory work pointed to 
his having hepatitis which was most likely halothane-induced. He 
recovered from this complication and was discharged on August 
7, 1980. Numerous laryngoscopies and bronchoscepies and the 
treatment of his laryngeal stenosis secondary to cricothyrotomy 
have been performed. He still had a persistent, severe web of the 
anterior two thirds of the larynx which requires a tracheotomy to 
support his airway. He feeds well and has a normal sracheobron- 
chial tree. 


COMMENT. Inexperienced endoscopy made neces- 
sary multiple incomplete and unsuccessful attempts 
at removal of the foreign bodies. A cricothyrotomy 
was performed in an infant which created severe 
complications such as laryngeal stenosis, marked in- 
crease in morbidity and costly hospitalizations. If 
on admission this child had had the laryngeal for- 
eign body removed, or an endotracheal tube had 
been passed, a cricothyrotomy would not have been 
necessary. 


Case 9, A male born January 11, 1975, was admitted to the 
Childrens Hospital of Los Angeles on December 8, 1977. The his- 


*Although the records state that the surgical procedure was a 
cricothyrotomy, the scar in the neck, the physical findings, and the clinical 
course suggest that it was actually a hyothyrotomy. 


MISMANAGEMENT OF FOREIGN BODIES IN AERO_AGESTIVE TRACT OF CHILD 321 


tory on his admission was that this child had been admitted to an 
outlying hospital on December 1, 1977, with a two- to three-week 
history of severe spasmodic cough associated with retch ng and 
vomiting. On the night before his admission to that hospital, he 
had coughed up first 10 cc and then 60 cc of bright red bland. He 
had been given aspirin intermittently for fever since the onset of 
his illness. The family history showed that a sibling had Ged of a 
ruptured cerebral aneurysm. A roentgenogram of the chest 
showed a left lower lobe pneumonia. A gastroenterolosist was 
consulted who suggested the diagnosis of Mallory-Weiss svadrome 
aggravated by aspirin intake. In the past history the child had 
bronchitis and cough with some wheezing for approximacely two 
months. These symptoms were treated with various antiasthmatic 
and cough medications. In the outlying hospital he was treated 
with amoxicillin to control the pneumonia. It was on De@mber 3 
and 4, 1977, that he again had emesis of bright red blood On De- 
cember 4, he was given erythromycin to cover Mycoplasrea infec- 
tion. He continued to spike fevers and there were decreased 
breath sounds in the left lower lobe. On December 3, Fis WBC 
was 11.2 and his hematocrit was 27. On December 4, his hemato- 
crit had dropped to 22 and his WBC was elevated to 15,00. Sput- 
um cultures showed a Neisseria species, and a review of he chest 
roentgenograms showed progressive left lower lobe consa idation. 


On December 8, he was transferred to the Childrens Hospital 
of Los Angeles, where soon after admission he had a herr atemesis 
while coughing. He vomited approximately one-half cup of bright 
red blood. He required a blood transfusion. Gastroexterology 
consultation again diagnosed gastrointestinal bleeding. but be- 
cause of the persistent pneumonia the consulting otolaryngologist 
suggested that the child might have a foreign body in his eft lung. 

On December 10 bronchoscopy was performed and revealed a 
portion of a sunflower seed shell which was imbedded in the left 
lower lobe. There was a large foreign body granuloma s:rround- 
ing the shell. After removal of the foreign body, some bleeding oc- 
curred which was controlled with the local application of a con- 
stricting agent. His postoperative course was unevent*al, there 
was no further bleeding, and he was discharged on December 13. 


Because of the roentgen evidence of residual left lower lobe 
pneumonia, another bronchoscopy was performed on February 
1, 1978, and a residual granuloma was removed frora the left 
lower lobe. Narrowing of the left lower lobe bronchus w as noted. 
In March 1980 he again developed fever and cough witt x-ray ev- 
idence of a left lower lobe infiltrate. Therefore, he was suspected 
of having bronchiectasis. On April 28, 1978, he was aacanitted to 
the Childrens Hospital of Los Angels for endoscopic exa nination, 
at which time a bronchogram was performed. There wais no evi- 
dence of bronchiectasis, but there was narrowing with localized 
stenosis of the left lower lobe bronchus. Although he hac ear, nose 
and sinus infections, he had not had any recurrent lure disease. 
He was last seen on January 8, 1981, at which time he was free of 
pulmonary problems. 


COMMENT. Hemorrhage was not considered as be- 
ing of pulmonary origin and consultation wnich led 
to erroneous diagnosis and advice created serious 
problems for this child. The cough for two months 
prior to his pneumonia, which was diagrosed as 
bronchitis, should have indicated the probability of 
a foreign body in the lung, especially when a pneu- 
monitis followed and failed to clear on appropriate 
therapy. 


CONCLUSIONS 


A number of factors were involved in the mis- 
management of foreign bodies in the aerodigestive 
tract in children. Nine children are reported in 
whom one or more of these factors caused increased 
morbidity and, at times, serious life-threatening 
complications. Delayed recognition of the >ossibili- 
ty of a foreign body as the cause of the presenting 


sympte ns in these children made repeated hospital- 
izatiors necessary, prolonged treatment, and in- 
crease4 the cost of medical care. 


The _mportant factors responsible for the mis- 
management of foreign bodies were as follows: 


l. Failure to think of a foreign body or to ask the 
older eaild regarding this possibility. 


2. k adequate roentgenograms, particularly not 
includi 1g the neck in the chest roentgenogram, and 
failing -o use contrast media where necessary. 


3. “aiting for spontaneous extrusion of a known 
swallcwed or inhaled foreign object. 


4, suming a negative history excluded the di- 
agnos= of a foreign body inhalation or ingestion. 


5. sot evaluating the esophagus as a cause for 
persisent and increasing respiratory difficulty. 


6. The inappropriate use of a Fogarty catheter 
and f beroptic flexible instruments to remove the 
forei= body. 


7. “mn erroneous diagnosis. 


8. -%elaying endoscopy in patients with evidence 
of severe bronchial obstruction. 


9. *ssuming that negative roentgenograms rule 
out tke possibility of a foreign body diagnosis. 


10. The parent ignoring symptoms reported by 
the ck dd or failing to report a choking spell. 


The complications reported in this paper which 
were ~eated by mismanagement are as follows: 


l. [he foreign body pushed into an almost inac- 
cessi- bronchus by the use of fiberoptic flexible 
broncwscopy. 


2. -2riesophageal perforation with abscess. 


3. “dediastinitis misdiagnosed as a tumor of the 
mediestinum. 


4. 4 lost Fogarty catheter tip in a segmental up- 
per Icke bronchus. 


5. Eronchiectasis from delay in removal of a for- 
eign body. 


6. ~racheoesophageal fistula in two children 
with sophageal foreign bodies. 


T. severe laryngeal stenosis from a hyothyro- 
tomy n a child with laryngeal and bronchial for- 
eign dies. 


8. Severe, almost life-threatening pulmonary 
hemaarhage from an unrecognized foreign body in 


the bonchus. 


7- 


Waen there is a positive history of foreign body 
inges on or inhalation, even when the physical 
findiazs and roentgen studies are negative, an endo- 
scopi> examination is mandatory. When there is a 
posit *e history, waiting beyond 24 to 36 hours is 
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not appropriate and may be hazardous to the pa- 
tient. Expectation that the foreign body will be ex- 
pelled spontanecusly or with the use of bronchodi- 
lators and postural drainage is potentially danger- 
ous to the chilc. The use of fiberoptic flexible endo- 
scopes and Fogarty catheters should be discouraged 
and has caused complications. Endoscopy, with the 
high success race and low morbidity in the hands of 
skillful endoscepists and anesthesiologists, together 
with the use o open rigid endoscopes, is the only 
appropriate form of management of foreign bodies 
in the aerodigestive tract in children. 


SEYMOUR R. COHEN 


There has been serious dilution of patients with 
foreign bodies in the aerodigestive tract. Thoracic 
surgeons, pediatric surgeons, pulmonary medical 
specialists, gastroenterologists and even radiologists 
are engaging in the removal of foreign bodies. 
Training programs thus suffer the consequences of a 
reduced work load which makes difficut adequate 
training of young endoscopists. The availability and 
use of the fiberoptic bronchoscope and esophago- 
scope is a mixed blessing since inadequately trained 
physicians who use these instruments are potential- 
ly dangerous to the pediatric patient. 
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PAN AMERICAN ASSOCIATION OF OTORHINOLARYNGOLOGY AND BRONCHOESOPHAGOLOGY 


The XVIII Congress of the Pan American Association of Otorhinolaryngology and Bronchoesophagology will be held November 2-6, 
1982, in San Juan, Puerto Rico. Dr. Hans von Leden has been elected President of the Association. 
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The authors review their recent experience with fowr 


patients referred to tt Shepherd Spinal Center, Atlanta, with cervical spine 


fracture dislocation and quadriplegia. The patients weresubsequently found to aave tears of the hypopharynx or the esophagus as a com- 
plication of their injury. Unexplained fever, swelling of the neck, dysphagia or leukocytosis in the patient with acute cervical spine injury 
suggest, the authors urge, the possibility of esophageal orypopharyngeal perforation. The authors review the kinematics and pathophysi- 
ology of cervical fractures and provide clues to early detec-ion and management e perforation of the hypopharynx or esophagus, including 


the use of radiographic study and endoscopy. 
INTRODUCTION 


The otolaryngologist-head and neck surge#n has 
been admonished to consider injury to the esopha- 
gus or to the hypopharynx in patients with trauma 
to the larynx and trachea,'? with fractures of the 
hyoid or facial bones,*-* and with penetrating injur- 
ies of the neck inflicted by knife or missile.°” Based 
on recent experience the authors would urge aware- 
ness of another dimension: injury to the esc»hagus 
or hypopharynx in patients who have sustained 
fractures of the cervical spine. 


CASE REPORTS 


Case 1. A 27-year-old male sustained trauma to the neck at a 
construction site, suffering posterior displacement of CE into the 
spinal canal, accompanied by C5 quadriplegia. Atypucally, the 
vertebral bodies of C5 and C7 were not malaligned. Æ surgery, 
the sixth vertebral body was removed, and a mushroam-shaped 
bone graft inserted. The patient was transferred to $e Spinal 
Center in a febrile state. On the fifth postoperative day. swelling, 
erythema, and tenderness to palpation developed over*the anter- 
ior cervical wound. A postoperative wound infesion was 
Suspected, and the wound incised. After an initial drainage of 
pus, saliva followed. A diatrizoate meglumine (Gastrografin® ) 
swallow established the presence of a laceration of th» cervical 
esophagus. Despite surgical closure of the rent and arpropriate 
drainage, accompanied by intravenous fluids and anti »otics, the 
patient had a fulminant course and died. At the time, tae lacera- 
tion was thought to be most likely surgical, ie, iatrogenc. 


Case 2. The same year in another part of the city, a 25-year-old 
male was involved in an automobile accident. The patient sus- 
tained a cervical dislocation of C5 on C6, which was promptly re- 
duced by tongs application. A tracheotomy was reqaired four 
days later because of moderate respiratory distress. On the eighth 
postoperative day, the patient suddenly became hypc=nsive and 
septic. Clinical examination and chest film suggested te presence 
of pericarditis. Four hundred cubic centimeters of pis were re- 
moved by pericardotomy. The patient complained of >ain in the 
left anterolateral neck. Evidence of retropharyngea abscess on 
lateral roentgenograms of the neck was overlooked until diatrizo- 
ate meglumine swallow, ten days later, revealed a =ent in the 
proximal esophagus. Voluminous pus was encountered in the 
periesophageal area. Penrose drains were inserted nea- the site of 


From the Shepherd Spinal Center, Atlanta. 


the post=cior esophageal laceration. The patient had a second sep- 
tic course. but recovered and was transferred to the Spinal Center 
for furtL. r rehabilitation. 


Case = In 1979 a 24-year-old male was injured in a motorcycle 
acciden sustaining a flexion-compression fracture of C6, asso- 
ciated wth complete quadriplegia. The patient, a juvenile-onset, 
insulin- pendent diabetic, did well for several days, then be- 
came febrile. Work-up, including lateral soft tissue of the neck, 
was unxemarkable. A CAT scan clearly delineated a “burst” frac- 
ture of 26 but did not show any evidence of abnormality in the 
esophapeal region. On intravenous antibiotics fever progressively 
resolvee. Seven days following the injury, while prone in a Stry- 
ker frar-2, respiratory arrest occurred. An endotracheal tube was 
insertec. and tracheostomy accomplished. Fiberoptic endoscopy 
reveale a chronic, macerated and jagged laceration in the poster- 
ior walof the proximal esophagus and the adjacent hypophar- 
ynx, iramediately overlying the site of fracture. Bone spicules 
were ement in the laceration at rigid endoscopy. Pus was seen to 
ooze from the superior apex of the laceration in the hypopharynx, 
and th= presence of a prevertebral abscess was confirmed by re- 
peat le=ral soft tissue of the neck. The periesophageal area was 
approzned through the left anterior neck in standard fashion, 
and dræns were inserted. The patient continued a septic course, 
develoved arhythmias, and died 40 days following surgery. 


Case4. A 56-year-old male was injured in an automobile acci- 
dent iv a neighboring state, sustaining dislocation of C5 on C6 
and camplete quadriplegia. The patient was transferred to the 
Spina’ Center within three days, not having had tracheostomy or 
any surzical procedure. The patient complained of hoarseness and 
progressive pain on swallowing, accompanied by tenderness to 
palpa-ion and swelling of the left lateral neck. Fiberoptic and rig- 
id encescopy revealed an ecchymotic area, at the center of which 
was a <ellate laceration of the esophagus, anterior to the level of 
injury. Gastrografin swallow confirmed a limited laceration in- 
volvirg the proximal esophagus. After open discussions with the 
patier* and his family, a nonoperative course was pursued, in- 
cludiz < the use of nasogastric suction and administration of anti- 
biotic The patient had an uneventful recovery. 


DISCUSSION 


Cowes 1928 description of to-and-fro “whip- 
lash“ injury, naval experience with carrier-based 
catapult aircraft and civilian experience with high- 
speec. automobile collision, ushered in a new era of 
understanding of cervical injury.*'? Although con- 
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Injurt 





Axial 


Hyperflexion 


Hyperflexion with 
rotation 


Hyperextension 


Hyperextension 
with rotation 





Setting 


Front-end collision 
Head and neck unflexed 
with “on-line” contact 


Front-end collision 
Head and neck flexed 
upon the chest 


Front-end collision 
Head and neck flexed 


upon the chest 


Rear-end collision 

Head and neck extended 
upon posterior upper 
thorax 


Rear-end collision 

Head and neck extended 
upon posterior upper 
thorax 
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TABLE 1. PATHOPHYSIOLOGY OF CERVICAL SPINE INJURY 
Mechanisia of 


Radiologi 


Central compression frac- 
ture with “burst” de- 
formity 


Flexion-compression 

Wedge-shaped deform- 
ity anterior portion 
vertebral body 


Fragmentation of the 
compressed vertebral 
body with anterior 


(tear drop) and poster- 
ior displacement 


Frequently normal 


Fractures of laminae and 
spinous processes 

Avulsion (shear and car- 
ry) fracture 





Autopsy Data 


Intact posterior and anter- 
ior ligament complex 


Tears posterior cervical 
musculature 
Disruption posterior liga- 


mentous complex 
Avulsion posterior cervical 
muscles 


Tears of SCM and longus 
colli 


Avulsion anterior longitu- 
dinal ligament and anter- 
ior cervical muscles 

Damage cervical sympathetic 
chain 

Hemorrhage into muscula- 






Clinical Findings 





pens neurologic deficit 
Dysphagia 


Posterior neck and 
muscle spasm 


Dysphagia 


pain 


Frequent neurologic deficits 

Esophageal laceration 

Progressive dysphagia and 
odynophagia 


Tenderness to palpation pos- 
terior neck 


Occasional neurologic deficit 

Progressive dysphagia and 
odynophagia 

Esophageal laceration retro- 
i ip hematoma or 

abscess 


troversy still exists, the basic mechanisms by which 
cervical fractures and related soft tissue injuries oc- 
cur appear to be vertical compression (axial load- 
ing), hyperflexion, and hyperextension, each of 
which may be ccmbined with rotatory force (Table 
i 


Vertical compression fractures occur when the 
head and neck strike “on-line” a firm object. Force 
is transmitted to the central portion of a vertebral 
body, creating the typical roentgenographic picture 
of a “burst” fracture (Fig. 1). Hyperflexion injuries 
occur when the tead and neck are flexed upon the 
upper chest. a frequent occurrence in front end col- 
lisions. The anterior portion of the vertebral body is 
crushed and compacted to create a wedge-shaped 
compression deformity of the vertebral body (Fig. 
2). By contrast, ir hyperextension injuries, common 


NS 





Fig. 1. Vertical compression injury. 


ture esophagus 
i y retropharyn- 
geal hematoma 


to rear end collision, the head and neck are thrust 
backward upon the posterior upper thorax, creating 
in some instances a small “shear and carry avulsion 
fracture from the front of one of the vertebral 
bodies and, less frequently, fractures of the laminae 
and spinous process (Fig. 3). 


The basic mechanism of soft tissue injury appears 
to be similar to that of fractures," delineated by 
studies in the experimental animal.'*'* With verti- 
cal compression, unaccompanied by hyperflexion or 
hyperextension, there is little to no injury to soft 
tissue. In the experimental animal exposed to hyper- 
flexion, however, soft tissue injury is commonly 
discovered posteriorly. Tears in the posterior cervi- 
cal musculature are common and disruption of the 
posterior ligament complex, though less frequent, 
may occur, leading to instability of the spine. 


A 
a 4% 


r 
l ene, > 


Fig. 2. Hyperflexion injury. 
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Fig. 3. Hyperextension injury. 


Hemorrhagic lesions and edema in the central grey 
matter and anterior horns of the spinal corc occur 
within 30 minutes, causing paraplegia or quadri- 
plegia. These lesions become confluent in about 
four hours, at which time similar changes apsear in 
the peripherally placed white column -racts, 
associated with reduction in sensory evoked voten- 
tials by neurography. Cord necrosis ensues within 
24 to 36 hours and neurologic deficit remains essen- 
tially unchanged thereafter.'*:'? In the experimental 
animal exposed to hyperextension, soft tissue mjury, 
by contrast, is usually found anteriorly. Muscle in- 
juries, as documented by McNab,"® range in severity 
from minor tears of the sternocleidomastoid *o par- 
tial avulsion of the longus colli. Such damag= in the 
experimental animal is frequently associated with 
injury to the cervical sympathetic chain, hemor- 
rhage into the musculature of the esophag s, and 
development of retropharyngeal hematome. With 
hyperextension, hemorrhage and contusion ever the 
upper cervical cord are frequent, but spina! ord in- 
jury with paralysis is uncommon in hyperer*ension 
injuries.'7:"® 


The four case reports of esophageal per eration 
presented in this publication were associated with 
hyperflexion injuries by routine roentgenceraphic 
study, suggesting the danger in assuming t at eso- 
phageal and other soft tissue injury anteric@ to the 
cervical spine must, as is classically the case in the 
experimental animal and some clinical repo ts,” '%" 
occur with hyperextension injuries.*° Obvic asly, in 
the patient unrestrained by seatbelt, shoulcer strap 
and head rest, battered about within closed vehicu- 
lar space or propelled through windshield ør open 
door, injuries may in fact represent a com “ination 
of axial, hyperflexion, rotation and hyperextension, 
leading to combined soft tissue injures, the 
radiographs presenting a final summatio~ of all 


forces E ought to bear during the automobile colli- 
sion. 


Whe- damaged during cervical spine injury, the 
esophasus perforates in the posterior wall in the 
weak area produced by the sling formation of the 
cricopłaryngeal muscle. The inherent weakness of 
the pos=2rior musculature, the authors propose, not 
only renders it susceptible to instrumentation from 
within he esophagus but renders it susceptible to 
retrodislaced bone fragments, thrust anteriorly by 
the fores of automobile collision. 


NecE aching associated with soreness, first of the 
anteric> neck muscles and then 5-7 days later, of the 
posterior muscles is the most common early symp- 
tom of cervical injury.'' The primary symptoms of 
hypopharyngeal or esophageal perforation in the 
cervice area consist of a “sticking sensation” low in 
the threat which is activated by attempts to swal- 
low. This may be relatively mild when first noted, 
especie ly if due to maceration of the lumen wall 
which allows only slow but progressive contaminat- 
ion of -1e prevertebral space.’ With progressive in- 
flammeetion over the ensuing 24 hours, the pain in- 
crease: in intensity and becomes constant. Leukocy- 
tosis and fever develop. Unlike pain due to midthor- 
acic esephageal rupture, pain associated with cer- 
vical perforation is not usually acutely progressive 
and is aot aggravated by respiratory excursion. 


When perforation occurs under local anesthesia, 
subcutaneous emphysema may be noted prior to de- 
veloprent of pain. Air dissects easily through the 
loose tissue of the prevertebral space of the cervical 
area imo the mediastinum, pericardium, and pleu- 
ral spazes.?' In approximately 1 in 10 cases of per- 
foratiea, however, chest and neck radiography re- 
main within normal limits and a large number of 
cases e~entually positive may not be detected for 24 
to 36 Imr, 


Primary evidence of esophageal or hypopharyn- 
geal perforation is obtained by endoscopy or by 
identi-cation of contrast material outside the 
esoph weal lumen. Water-soluble contrast material, 
such es diatrizoate meglumine, should be used first, 
with the full understanding that esophagograms are 
positive in only 50% of patients ultimately found to 
have ssophageal injuries.° The value of computer- 
ized azial tomography and CAT scan with contrast 
has new been delineated in a large series of patients. 
Altho_gh such studies of one of our patients were 
not revealing, the authors suspect that with time, 
CAT =an with contrast will be proven to be a rea- 
sonak® second step if routine Gastrografin esopha- 
gograms are negative. 


If scluble contrast materials have been used and 
no esephageal injury has been demonstrated, a 
higher contrast study may be obtained with the use 
of ba>um.?*?> Because barium in the mediastinum 
has bæn associated with granulomatous and fibrous 
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tissue reaction, its use probably should be preceded 
by failure to reveal a perforation at endoscopy. 


Esophagoscopy is considered a definitive test in 
the detection of esophageal perforation, but detec- 
tion of subsequently proven perforation in some ser- 
ies does mot exceed 30% . Defore et al for example, 
subjectec 17 cf their 77 patients with penetrating 
injuries of the esophagus to rigid endoscopy and 
identified the site of perforation in only 5.° The role 
of the flexible fiberoptic esophagoscope has not 
been studied in a sufficient number of patients to 
permit am evaluation of its use. The flexible instru- 
ment would appear to be particularly useful, 
however, in the spinal injury patient in traction for 
vertebral instability in whom esophageal perfora- 
tion is suspected. 


Prior to the introduction of antibiotics, perfora- 
tion of the esophagus was nearly always fatal, and 
treatment limi-ed frequently to incision and drain- 
age of abscess formation. In the antibiotic era, it 
became fashionable to advocate conservative man- 
agement, including the use of intravenous fluids, 
antibiotics, and nasogastric suction,?*?* a position 
supported in 1965 by an editorial of JAMA.?° 


Paulson,” Mathewson,*! and Groves? took a con- 
trary point of view, suggesting that surgical inter- 
vention in some cases was well advised. Youngs and 
Nicologg, while agreeing that small perforations 
could be managed conservatively, pointed to the 
difficulty in delineating the extent of the perfora- 
tion and the amount of periesophageal contamina- 
tion. Of 11 patients treated conservatively, 6 subse- 
quently required surgical intervention, 4 of whom 
died. Although the mortality associated with 
operative delay led Brewer** and Skinner” to ad- 
vocate surgical exploration, reconstruction, and 
drainage of all perforations, Berry,” Boyd,” and 
Levine** and others advise a selective policy of 
surgical intervention. 


In the presence of an identifiable and small or 
limited (ie, stellate) cervical laceration and in the 
absence of leukocytosis or fever, surgery may, in our 
view, be deferred. Aqueous penicillin would appear 
to be the first drug of choice, considering the usual 
flora of the oropharynx and the esophagus,” and 
the bacteria mest commonly associated with the 
gastrointestinal tract. A regimen of 2 million 
International Units every four hours is preferred (in 
the presence of normal renal function) because of 
the abbreviatec half-life of aqueous penicillin. 
Because Gram-negative organisms may be the cause 
of upper gastreintestinal infection and because 
Gram-negative eolonization of the oropharynx in 
the elderly is frequent (and in the patient hospital- 
ized over seven days not uncommon), tobramycin 
or gentamiein may be added to the penicillin regi- 
men. Tobramycin, it should be noted, is less neph- 
rotoxic (and probably less ototoxic) than gentami- 
cin, during the nitial three weeks of administra- 





Fig. 4. Surgical closure of esophageal perforation. A) 
Perforation of the esophagus. B) Neck incision. C) Rein- 
forcing sternocleidomastoid muscle flap. 


tion. In the presence of allergy to penicillin, selec- 
tion of clindamycin, chloramphenicol or cefoxitin 
seems appropriate. Cefoxitin, a cephalosporin, has 
the advantage of being effective against several an- 
aerobes, including Bacteroides fragilis.” 


In the presence of a large perforation, elevated 
temperature, or increased white-cell count, surgery 
is immediately advised. An oblique incision is made 
along the anterior border of the sternocleido- 
mastoid muscle from the upper border of the 
thyroid cartilage to just above the clavicle. The ster- 
nocleidomastoid muscle and the carotid sheath are 
retracted laterally, and the larynx, trachea, and 
pharynx retracted medially. The middle thyroid 
veins and inferior thyroid artery are divided, care 
being taken to properly protect the recurrent laryn- 
geal nerve. The esophagus is gently lifted forward, 
the perforation visualized and, if necessary, debrid- 
ed (Fig. 4). A nasogastric tube is inserted under 
direct vision. The perforation is closed (with inver- 
sion of the mucosa) using 3-0 Dexon® (Davis-Geck) 
and a two-layer closure. Use of a reinforcing ster- 
nocleidomastoid flap may be considered in the 
presence of compromised tissue. Drains are in- 
serted. and the wound is closed. 


CONCLUSION 


Esophageal perforation, associated with cervical 
fractures and/or dislocation, is reported in the 
English literature, to our knowledge, for the first 
time. The etiology of esophageal or hypopharyngeal 
perforation associated with cervical fractures is 
unknown, but there would appear to be three most 
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probable causes. First, esophageal perfo-ation 
could occur iatrogenically, during endotracheal in- 
tubation or during surgical exploration of the frac- 
ture site. In some instances in the past, we sispect 
that iatrogenic cause has been improperly blemed, 
a conclusion which may be no longer valid. Second 
and conceivably, perforation could result fom a 
breakdown of contused esophageal tissue anterior to 
the fracture site, particularly in the presence of in- 


flamme-ion. Third, a perforation could result from 
the dimect trauma of the cervical fracture, the 
esophasıs in effect being impaled by osteophyte or 
fractur= dislocation. The authors suspect that addi- 
tional sase reports will be forthcoming as an in- 
creasin= number of patients survive massive vehicu- 
lar trauma and as awareness of this possible injury- 
associa on increases among the orthopedic and oto- 
larynge ogic specialties. 
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INCENDIARY CHARACTERISTICS OF ENDOTRACHEAL TUBES 
WITH THE CARBON DIOXIDE LASER 


AN EXPERIMENTAL STUDY 
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The ignition characteristics of the American Hospital, Portex®, polyvinyl chloride, and red rubber tracheal tubes commonly available 
have been evaluated using a standard carbon dioxide laser. The added hazard of the increased combustibility of the impregnated line on 
endotracheal tubes and the hazard of commonly utilized anesthetic or lubricating materials are discussed. The safety limits which, ex- 
perimentally, indicate levels of energy and laser burst time which seem to preclude the hazard of ignition are outlined. The potential dan- 
ger of postburn brenchiolitis is noted, along with appropriate treatment. 


At the present time there is a relatively small 
body of literature with reference to the danger of ig- 
nition of endotracheal tubes during use of the car- 
bon dioxide laser in the upper respiratory tract. The 
majority of articles are anecdotal and refer 
specifically to the accidental ignition of an en- 
dotracheal tube during surgery and the commonly 
utilized preventive measures which are designed to 
preclude that complication.'? Specific problems 
have been addressed: the utilization of muslin- 
covered tubes to prevent trauma or obstruction 
from aluminum foil, the utilization of a metal en- 
dotracheal tube only now coming onto the market, 
the use of a moist cotton or gauze pledget below the 
area of laser targeting, and the utilization of other 
commonly accepted and self-evident safety precau- 
tions attendant to the use of lasers in general. It is 
the purpose of this presentation to indicate the 
specific limitations which may be applied with laser 
surgery to preclude the possible ignition of an en- 
dotracheal tube. The parameters include the per- 
cent of oxygen utilized, the duration of the laser 
burst, and the wattage utilized. 


MATERIAL AND METHODS 


A series of experiments was conducted utilizing a standard 
Cavitron® carbon dioxide laser and four commonly utilized en- 
dotracheal tubes. A flowmeter was attached to the endotracheal 
tube delivering a flew of air through the tube, or a mixture of air 
and 30% oxygen. It should be recognized that gas mixtures in- 
cluding greater than 30% oxygen may be expected to support 
combustion at lower energy and/or time readings. The endotra- 
cheal tubes were hit directly with the laser beam in the same spot 
for five consecutive impulses at the time and power setting in- 
dicated, and any evidence of combustion, up to and including ig- 
nition, was measured as ignition. 


RESULTS 


Several potential hazards became immediately 
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apparent. First, the use of common anesthetic oint- 
ments, creams, or solutions frequently applied to 
endotracheal tubes, either for topical anesthesia or 
lubrication, should be suspect. These agents fre- 
quently are made up of vehicles which either are 
combustible or support combustion. In utilizing 
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Fig. 1. Combustibility of American Hospital tubes with 
CO ee in A) air and B) 30% O.. 
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Fig. 2. Combustibility of Portex tubes with CO, laser in 
A) air and B) 30% 0O.. 


such agents, consideration of the potential hazard 
should be weighed against their anticipated benefit. 


Some commonly utilized endotracheal tubes have 
a line impregnated upon the tube itself which may 
or may not be radiopaque. This line, in our ex- 
periments, is unusually combustible and at some 
power settings actually seems to explode. The dif- 
ferences in combustibility of the line itself and the 
remainder of the tube are indicated in our results 
and are surprising, significant, and should be con- 
sidered in tube selection. 


Four commonly utilized tubes were evaluated: 
the standard American Hospital tube and the line 
impregnated therein, a standard Portex® tube and 
the line impregnated within it, the standard poly- 
vinyl chloride tube, and the standard red rubber 
tube. 


The American Hospital tube is quite safe, either 
in air or in 30% oxygen, and is combustible only at 
energy levels of 20 W at 500 ms and above. Unfor- 
tunately, its use is significantly limited by the fact 
that the impregnated line upon the tube is highly 
combustible with a safety zone essentially under 10 
W at any setting or over 15 W at under 100 ms in 
oxygen, or under 15 W at any setting or under 200 
ms at higher energy levels in air (Fig. 1 A, B). 
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Fg 3. Combustibility of polyvinyl chloride and red 
rubbee tubes in A) air and B) 30% O... 


The ~rtex tube has similar problems in that the 
impregated line upon that tube is more combusti- 
ble thaathe tube itself. In air, the tube and line are 
safe at all but 500 ms above 20 W. In 30% oxygen, 
howeve , the safety limit falls, primarily because of 
the incandiary properties of the impregnated line, 
to leve-s of essentially 400 ms, and lower at energy 
levels < a0ve 20 W (Fig. 2). 


The æd rubber tube is quite safe in air, but has 
very l x ited safety in 30% oxygen. In air, below 25 
W at 30 ms, the tube is safe, but in a 30% oxygen 
enviroanent the safety level falls to no setting 
greater than 5 W at any setting and only below 15 
W at X ms (Fig. 3). 


The dolyvinyl chloride tube, without any im- 
pregnetd line, appears to be the safest tube availa- 
ble. Bebw 20 W at 500 ms in air or below 15 W at 
500 m: .n 30% oxygen seem to be very safe areas of 
operat en for the polyvinyl chloride tube (Fig. 3). 
With e#nventional protection of the tube with foil 
wrapp xg and the prevention of drawing combusti- 
ble or a ready ignited material into the tube, as has 
been sported, a safe procedure should be an- 
ticipat=d. 

“MANAGEMENT OF COMPLICATIONS 


As has been widely reported in the literature, pa- 
tients zho sustain injury through ignition of en- 
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dotracheal tudes during laser surgery tend to re- 
cover without incident. Primarily the treatment is 
of an acute upper respiratory tract burn, with im- 
mediate irrigation of the area, respiratory support, 
the utilization of anti-inflammatory steroids and 
antibiotics, and close follow-up during the recovery 
stage. Im our experience with this complication, 
which has been limited to one case, we performed 
an elective tracheotomy because of significant con- 
cern for upper respiratory or laryngeal edema at the 
site of tte burn and the remote but possible con- 
sideration of ventilatory support requirements. The 
patient was treated with large doses of anti-inflam- 
matory szeroids and antibiotics, in much the same 
manner as has been previously described for the 
treatment of acute esophageal burns, and followed 
closely. The anticipated bronchiolitis, as seen 
following smoke or toxic gas inhalation, was noted 
in the three to four days following the event and 
manifested by fine, scattered rales in the chest and a 
significar t drop in the 50-range of partial pressure 
of oxygen in arterial blood samples. As is usually the 
case, the bronchiolitis was self-limiting, and the pa- 
tient made a full recovery, returning to his normal 


activities. Follow-up bronchoscopy, bronchial 
biopsies, pulmonary ventilatory studies, and blood 
gas determinations all returned to and remain at 
normal levels. 


Although several other reports do net indicate a 
problem with postburn bronchiolitis, it would seem 
prudent to evaluate the patient for this problem and 
provide prophylactic therapy which is also thera- 
peutic. 


It should be noted that these findings differ con- 
siderably from those recently published by Meyers,° 
in which the red rubber tube was found to be safest 
due to lack of flame production during incinera- 
tion. Our findings differ considerably in that the 
red rubber tubes did burn in the same manner in 
which all of us are familiar with rubber burning. 
The difference in our recommendations draws at- 
tention to the fact that many variables may exist 
from one laser to another, and even between the in- 
cendiary capabilities of similar products. Prudence 
would dictate that each operator establish safety 
parameters with his own equipment, and utilize 
these experimental results merely as a guide. 
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NINTH INTERNATIONAL CONGRESS OF RADIOLOGY IN OTOLARYNGOLOGY 


The American Seciety of Head and Neck Radiology and the Collegium of Radiology in Otorhinolaryngology will cosponser the Ninth In- 
ternational Congress of Radiology in Otolaryngology to be held in the Abbaye de Fontevraud (France, Loire Valley), June 4-9, 1982. 
Abstracts of papers should be submitted prior to September 1, 1981, to Dr. J. Vignaud, F. O. R., 25 rue Manin, 75019 Paris, France. 
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Total laryngectomy for cancer can result in dysphag a and altered esophagea motility. Manometric changes in the upper esophageal 
sphincter (UES), and in proximal and distal esophageal sanction have been repeced. However, most studies have failed to take into ac- 
count radiation therapy and appropriate controls. We selected ten male patienta54.34 1.9 yr) for longitudinal manometric evaluation 
prior to laryngectomy then at two weeks and again six menths later. No patient =ceived preoperative radiation therapy, had a previous 
history of esophageal surgery, or developed a postoperat ve wound infection or# stula. Seven of ten patients had positive nodes and re- 
ceived 6,000-6,600 rads postoperative radiation therapy. Preoperatively 4 0 10 patients complained of dysphagia which did not 
significantly change following surgery and radiation. Two of three patients wł did not complain of dysphagia preoperatively and re- 
ceived radiation postoperatively developed dysphagia. Mw patient without dysmagia preoperatively who received no radiation therapy 
developed symptoms. Our studies show that laryngectom- causes alterations in the UES resting and peak pressures but not in the proximal 
or distal esophagus, or the lower esophageal sphincter. T aese data also imply raGi_tion therapy may be associated with progressive altera- 
tions in motility and symptomatology. Further study regzrding the effects of raeation on esophageal motility and function are urged. 


INTRODUCTION 


Laryngeal carcinoma is a highly curable Gisease, 
especially if detected and removed surgicall~ at an 
early stage. Frequently a total laryngectom™ is re- 
quired. While offering a substantial cure rate for 
confined lesions, this procedure is associated with a 
number of postoperative problems. These prablems 
include dysphagia which occurs after laryngectomy 
as well as other head and neck operations.** Re- 
cently, manometric evaluations of laryngectomy 
patients have quantitated and characterized motili- 
ty changes in an attempt to explain postoperative 
dysphagia.** Significant alterations in the upper 
esophageal sphincter (UES) and proximal and distal 
esophagus have been reported.* However these 
studies included a mixed surgical popula ion in 
which the postoperative results were compared to 
unoperated normal individuals. In addition many 
of the patients in these studies had varying a nounts 
of radiation therapy both prior to and after laryn- 
gectomy which may have affected esophageal mo- 
tility independently of laryngectomy. We therefore 
sought to assess the effect of total laryngectamy on 
patients in a prospective fashion prior to aid two 
weeks after total laryngectomy in the absence of ra- 
diation therapy. All patients were followed and 
clinical progress monitored for six additional 
months, after which a third motility study was per- 
formed. 


METHODS AND MATERIALS 


Patients. Ten successive male patients were selected trom the 
Durham VA Hospital prior to total laryngectomy for malignant 
disease (age 54.34 1.9 yr). All were previous smokers and 6 of the 


10 had +: iistory of heavy alcohol consumption. Patients were se- 
lected ar informed consent was obtained and according to the 
followiræ criteria: 1) no prior radiation therapy, 2) no prior eso- 
phageal er gastrointestinal surgery, and 3) adequate respiratory 
status. 


Patier Ss underwent esophageal motility studies preoperatively 
and twe weeks postoperatively when tolerating a full diet and 
ready f> discharge. No patient had postoperative fistula or 
wound zfection. No esophageal or pharyngeal surgery was done 
except taat done with a standard laryngectomy. All patients were 
seen in = inic monthly and returned six months after laryngec- 
tomy for -estudy. Dysphagia was defined as any subjective feeling 
of diffic = ty initiating or propulsing a bolus of solid or liquid food. 
Seven æ the ten patients received postoperative radiation 
therapy consisting of 6,000 to 6,600 rads at 180-200 rad tissue 
dose/da-using a Varian 4 MV linear accelerator. 


Esop— geal Manometry Apparatus. Manometric evaluations 
were pe~ormed with the patient in the supine position using a tri- 
ple lume polyethylene tube (Arndorfer, Greenfield, Wis.). The 
lumen ey enings were 5 cm apart at 120° from each other, each 
with ar mternal diameter of 0.2 cm. All three lumens were per- 
fused cartinuously with water at 1.91 ml/min with a Harvard in- 
fusion pmp. Pressures from the column of water within the tube 
were transmitted to external transducers (Gould-Statham, Hato 
Rey, PF.) and transcribed by a five-channel recorder (Grass, 
Model +D Polygraph, Quincy, Mass.). Pressures were recorded 
in milliaseters of mercury with the zero reference point being one 
atmospaere. Restandardization and calibration were performed 
prior tc -ach study. 


Procecure. All patients were fasted overnight and no premedi- 
cations ~ere administered. Pressure transducers were placed at 
midche= level with the patient in the supine position. The mano- 
metric be was passed nasally and positioned with all three pres- 
sure reaarding openings in the stomach. The tube was then with- 
drawn + 1 cm increments at which time the patient swallowed 2 
ml of water (wet swallow) and pressure waves were recorded. 
Graph sper speed was set at 1 cm/s for lower esophageal sphinc- 
ter (LES, distal and proximal esophagus, and at 5 cm/s for the 
UES. 


Manemetric Interpretation. Criteria for evaluation of UES 
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TABLE 1. CLINICAL DATA FOR TEN LARYNGECTOMY PATIENTS 


Patient No. Classification Site Operation Pathology Nodes 


Tumor 
l T3N2Mo PS 
2 T3NiM, PS 
3 T3N3Mo PS 
4 T3N2Mo PS 
5 T2NoMo Epiglottis 
6 TN: Mo PS 
7 T3N2Mo Transglottic 
8 T2NoMo Transglottic 
9 T3NoMo PS 
10 T3N,Mo PS 


TL,LRN SCCA + 

TL SCCA + 
TL, RRN SCCA + 
TL, LRN SCCA + 
TL, RRN SCCA + 
TL, LRN SCCA + 
TL, RRN SCCA . 

LG Verrucous - 
TL, LRN SCCA ~ 
TL, RRN SCCA - 


SCCA - Squamous cell carcinoma; TL - Total laryngectomy; LRN - Left radical neck; RRN - Right radical neck; PS - Pyriform sinus. 


body esophagus ard LES have been previously described.** All 
swallows recorded in the UES and LES were analyzed for resting 
pressure, postdeglutition (“peak”) pressure, degree of relaxation 
and coordination. A point equidistant between the two sphincters 
was used to divide the body of the esophagus into proximal and 
distal segments. Each sphincter was evaluated with 4-6 wet swal- 
lows. Each segment of the esophagus was evaluated with 12-14 
wet swallows. 


TABLE 2. RELATION OF SYMPTOMS TO RADIATION 


THERAPY 
Patient Preoperative Radiation Postoperative 
No. Drsphagia Therapy Dysphagia 
l + - + 
2 = - + 
3 = = - 
4 - + + 
5 — + + 
6 — + — 
7 — + + 
8 = = m 
9 5 iš E 
10 = — -— 


The UES and LES were said to be coordinated with the preced- 
ing propagative wave (pharyngeal for UES, distal esophageal for 
LES) when relaxatien completely corresponded to the contraction 
of that wave. Relexation was complete when intrasphincteric 
pressures fell to witàirn 5 mm Hg of cervical esophagus (for UES) 
or intragastric (for LES) pressures. In either distal or proximal 
esophagus any wave separation between adjacent 5 cm points up 
to 1.25 s were interdreted as coordinated. 


Comparisons between preoperative motility studies and those 
performed immediaely postoperatively and after six months were 
made using a t test for paired values. In addition, comparison be- 
tween preoperative =tudies and those for the seven patients receiv- 
ing radiation therapy were made using t test for unpaired values. 
Probability values less than 0.05 were considered statistically sig- 
nificant. 


RESULTS 


Clinical Findings. Tables 1 and 2 summarize the 
clinical experierce with these ten patients. All pa- 


tients had T; lesions except for two with a T, lesion, 
and all patients received total laryngectomy. Nine 
patients had squamous cell carcinoma of which sev- 
en had positive nodes. These patients received post- 
operative radiation therapy as outlined previously. 


Table 2 summarizes the incidence of preoperative 
and postoperative dysphagia. Patients 1-7 received 
radiation therapy postoperatively. Four of these pa- 
tients had preoperative dysphagia that did not im- 
prove after six months. Two of the other three pa- 
tients with no preoperative complaints who had ra- 
diation therapy had progressive dysphagia at six 
months. The three patients who had no radiation 
therapy had minimal or no preoperative dysphagia 
which did not progress. 


Manometric Findings. Table 3 summarizes the 
manometric evaluation of LES function. Preopera- 
tive resting pressures of 11.5+ 2.1 mm Hg and peak 
pressures of 29.3+ 3.9 mm Hg were not statistically 
altered at either two weeks or six months after lar- 
yngectomy. When the seven patients who under- 
went radiation therapy are compared to the preop- 
erative group, no significant alterations in LES are 
demonstrated. Likewise, LES coordination of 
80.5+8.9% and relaxation of 87.647.7% are not 
altered. 


Table 4 summarizes the peak pressures and coor- 
dination in the distal and proximal esophagus. Pre- 
operative peak pressures of 25.64 2.7 mm Hg and 
18.4+ 1.3 mm Hg in the distal and proximal esoph- 
agus respectively are not statistically altered at two 
weeks or six months postoperatively. Also, the seven 
patients receiving postoperative radiation therapy 
did not demonstrate significant alteratioms in distal 
or proximal esophageal function from preoperative 
values. 


TABLE 3. MANOMETRIC ANALYSIS OF LOWER ESOPHAGEAL SPHINCTER 


Resting Peak 
Pressure (mm Hg) Pressure (mm Hg) % Coordination % Relaxation 
Preop (N = 10) 11.5+2.1 29.3+ 3.9 80.5+ 8.9 R7.6+7 
Postop (N = 10) 11.8+ 1.7 28.2+ 2.2 67.5+ 9.2 90.3+5 
6 mo (N= 10) 12.1+1.4 26.44 2.4 76.54 9.9 39.235 
6 mo rad. ther. 
pts. (N =7) 12.543.0 26.5+ 3.0 73.64 12.9 95.344 
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TABLE 4. MANOMETRIC AN/LYSIS OF DISTAL A™D PROXIMAL ESOPHAGUS 


Distal Esophagus Proximal Esophagus 
Peak | Peak 
Pressure (mm Hg) % Coordination Pressure (mm Hg) % Coordination 

Preop (N = 10) 95.6+ 2.7 89.9+6.2 18.4+ 1.3 82.6+ 8.6 
Postop (N = 10) 22.7+ 2.6 83.3+ 8.6 17.5+2.0 75.5 10.7 
6 mo (N= 10) 24.7+7.3 82.847.3 17.741.9 77.8+ 6.9 
6 mo rad. ther. 

pts. (N =7) 25.9+2.7 91.4+4.6 10.0+ 2.4 83.7+ 7.4 


Table 5 summarizes the manometric findings in 
the upper esophageal sphincter in the same pepula- 
tion of patients. UES resting pressures of 24.5 4 
mm Hg significantly decreased to 13.54 2 mm Hg 
two weeks after laryngectomy. This change per- 
sisted unaltered at six months in both the entire 
population and in the patients who received radia- 
tion therapy. In the same manner, peak postleglu- 
tition pressures in the UES significantly decreased 
from a preoperative value of 37.5+5.9 mm Hg to 
21.7+2.7 mm Hg postoperatively. This decrease 
was maintained at six months in both groups of pa- 
tients. Coordination and relaxation both siowed 
decreases which attained statistical significence at 
six months for coordination and postoperatively for 
relaxation. Again the values obtained for the irradi- 
ation patients were not different from those values 
obtained for the entire group. 


Figure 1 illustrates actual motility tracings from 
one patient at identical anatomic loeations, 
demonstrating the changes which occurrec in the 
upper esophageal sphincter preoperativey and 
postoperatively. 


DISCUSSION 


Dysphagia after extensive head and neck surgery 
is a significant postoperative problem and Fas been 
discussed in terms of anatomic and radiologic des- 
criptions.'? In 1957, Schobinger presented radio- 
logic evidence for cricopharyngeal “spasra” after 
laryngectomy suggesting this was at least partially 
responsible for postoperative dysphagia.’ 


Most recently, manometric evaluation of the 
esophagus has allowed a more quantitative analysis 
of motility in these situations. In 1970, Sandberg 
analyzed manometric evaluations in postlaryngec- 
tomy patients with dysphagia.* He reportec weaker 
UES relaxation and contraction pressures after 
swallowing as well as decreased resting p-essures. 


He specifically stated that he saw no spasm at the 
level cf the cricopharyngeus. Sandberg reported 
very litle data, however, and several of this pa- 
tients aad preoperative radiation therapy. 


In a retrospective study, Duranceau reported the 
compæison of postoperative manometric evalua- 
tion im 10 patients (9 total laryngectomies and 1 
supragottic laryngectomy) with 10 “nonsurgical 
contrds.” Again, radiation therapy had been ad- 
ministered to some of these patients both preopera- 
tively end postoperatively. He reported significant 
decrezses in resting and peak pressures of the UES 
as well as significant decreases in coordination and 
relaxation. However, he also reported significant 
decreż es in peak pressure and coordination in the 
distal and proximal esophagus. He found no 
changss in the LES of patients after laryngectomy. 
He hypothesized that interruption of vagal branch- 
es at ae level of the UES might be responsible for 
the ck anges he saw more distally in the body of the 


esophezus. 


Mc recently Welch et alf and Gates’ have used 
manametric computer modeling to assess UES 
changes after laryngectomy. In all laryngectomies, 
the axial and radial asymmetry of the UES disap- 
pearec with a mean peak pressure decrease from 
appre <imately 120 mm Hg in normal controls to ap- 
proxřaately 50 mm Hg in their laryngectomy popu- 
lation However, he employed intraoperative man- 
omet-y which did not assess the entire esophagus or 
LES. naor did it exclude the possible effects of anes- 
thetic agents on the esophageal motion. 


W= pursued a prospective study of this problem 
for txo reasons. First, using each patient as his own 
cont>el allows for individual variation in age and 
press_res, and makes statistical comparison mean- 
ingft _ Second, the effect of radiation on esophageal 
moti ity is unknown. By eliminating patients with 


TABLE 5. MANOMETRIC ANALYSIS OF UPPEE ESOPHAGEAL SPHINCTER 


Resting Peak 
Pressure (mm H Pressure (mm H % Coordination % Relaxation 
Preop (N = 10) 24.5+ 4.0 37.5+ 58 100 % 96.7+ 3.3 
Postop (N = 10) 13.54 2.0* aTe E” 73.0+ 13.2 68.2+ 11.8* 
6 mo (N = 10) 11.1+1.4* 21.44 25° 73.04 11.3 76.5+ 12.6 
6 mo rad. ther. 
pts. (N =7) 10.0+1.7t 19.8+ Z5t 61.4+ 14.0T 66.4+ 16.8 


*P< 0.05 Paired t test (Postop or 6 mo to preop). 
tP<0.05 Unpaired t test (6 mo radiation therapy to preep). 
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mm Hg 
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preoperative radiation, variables are removed 
which could confuse the results. 


Our results agree with Sandberg in that we see no 
evidence for “spasm” of the cricopharyngeus, but 
rather we found a consistently weaker UES. Duran- 
ceau's findings of alterations in the distal and proxi- 
mal esophagus were intriguing and perhaps are due 
to a skewed pepulation and a different control 
group which ineluded patients who had received 
radiation therapy. We saw immediate changes only 
in the UES, which did not progress at six months, 
regardless of radiation therapy. We did not see 
changes in the proximal or distal esophagus at any 
time after laryngectomy. 


The effect of radiation therapy on esophageal 
motility is not clear from our results. Seven patients 
received postoperative radiation therapy. Four of 
those seven patients complained of dysphagia pre- 
operatively and continued to complain of this six 
months later. Two of the other three patients who 
did not complain of dysphagia became symptomat- 


6 MONTHS 
POST-OP 


Fig. 1. (Patient 5) Simultaneous pharyn- 
geal, UES and proximal ee mano- 
metric analysis in preoperative, postopera- 
tive and six months postoperative periods. 
The resting and peak pressures of the UES 
are significantly affected, while the pharyn- 
geal and proximal esophagea! pressures are 
relatively unaffected. 


ic following treatment (Table 2). The three patients 
who did not have radiation therapy had no symp- 
toms of dysphagia either preoperatively or at six 
months. Surgical technique and reconstruction of 
the pharyngeal-esophageal mucosa were consistent 
and do not appear to explain these findings. This 
seems to imply radiation therapy may alter esopha- 
geal motility and function enough to cause symp- 
toms of dysphagia, though this group is not large 
enough for statistical evaluation. 


SUMMARY 


Esophageal manometry evaluations of ten laryn- 
gectomy patients preoperatively, postoperatively, 
and at six months reveal significant changes in the 
UES function which occur immediately after sur- 
gery and do not change by six months. No altera- 
tions occur in the proximal or distal esophagus. The 
effect of radiation therapy on esophageal motility is 
unclear from these studies; however, no dramatic 
alterations were demonstrated. It is recommended 
that further study be performed to assess the effect 
radiation has on esophageal motility and function. 
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Scopolamine: highly effective 
Scopolamine “as long been 
known as an efective agent for te 
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Transderm ™-V 
(scopolamine) 


Transdermal Therapeutic System 


Programmed desivery in vivo of 0.5 mg 
scopolamine over 3 days 


Description Transderm ™-V scopolamine system is 


a circular flat unit designed for continuous release of 


scopolamine following application to an area of in- 
tact skin on the head, behind the ear. Clinical evalu- 
ation has demons-rated that the system provides 
effective antiemetc and antinauseant actions when 
tested against mo ion-sickness stimuli in adults. 


The Transderm™-/ system is a 0.2 mm thick film, 
with four layers. P-oceeding from the visible sur- 
face towards the surface attached to the skin, 
these layers are: 19 a backing layer of aluminized 
polyester film; 2) € drug reservoir of scopolamine, 
mineral oil, and pelyisobutylene; 3) a microporous 
polypropylene membrane that controls the rate of 
delivery of scopolamine from the system to the skin 
surface; and 4) an adhesive formulation of mineral 
oil, polyisobutylene, and scopolamine. Prior to use, 
a protective peel sip of siliconized polyester which 
covers layer 4 is renoved. 


The mineral oil (12 4 mg) and polyisobutylene 
(11.4 mg) inactive components are not released 
from the system. 


Release-Rate Concept: Transderm ™-V system, 
2.5 cm? in area, contains 1.5 mg scopolamine. The 
system is programmed to deliver 0.5 mg scopola- 
mine, at an approxmately constant rate to the 
systemic circulation, cver the 3-day lifetime of the 
system. An initial p iming dose of scopolamine 
released from the adhesive layer of the system, 
saturates the skin tinding sites for scopolamine 
and rapidly brings Me plasma concentration to the 
required steady-sta e level. The continuous control- 
led release of scopolamine, that follows from the 
drug reservoir throwgh the rate-controlling mem- 
brane, then maintams the plasma level constant. 


Clinical Pharmacalogy The formulation of the 
Transderm ™ -V syster contains as its sole active 
agent the drug scopolamine, a belladonna alkaloid 
with well-known pharmacological properties. The 
drug has a long history of oral and parenteral use 
for central anticholinergic activity, including pro- 
phylaxis of motion sckness. This formulation 
provides for a gradval release of scopolamine from 
an adhesive matrix 3f mineral oil and polyisobuty- 
lene applied to the postauricular skin. 


Clinical Results: The Transderm" -V system 
provides antiemeticprotection within several hours 
following applicatior of the system behind the ear. 
With the 195 adult subjects of different racial ori- 
gins who participated in clinical efficacy studies at 
sea or in a controlled motion environment, there 
was a 75% reductiom in the incidence of motion- 
induced nausea ane vomiting. The Transderm ™-V 


system provided significantly greater protection 
than that obtained with oral dimenhydrinate. 


Indications and Usage The Transderm" -V sys- 
tem is indicated for prevention of nausea and 
vomiting associated with motion sickness in adults. 
The system should be applied only to skin in the 
postauricular area. 


Contraindications Transderm “-V system should 
not be used in patients with known hypersensitivity 
to scopolamine or any of the components of the 
adhesive matrix making up the therapeutic system. 


Warnings Since drowsiness, disorientation and 
confusion may occur with the use of scopolamine, 
patients should be warned of the possibility and 
Cautioned against engaging in activities that re- 
quire mental alertness, such as driving a motor 
vehicle or operating dangerous machinery. 


Potentially alarming idiosyncratic reactions may 
occur with ordinary therapeutic doses of 
scopolamine. 


Usage in Children: Children are particularly sus- 
ceptible to the side effects of belladonna alkaloids. 
Transderm ™-V system should not be used in 
children because it is not known whether this 
system will release an amount of scopolamine that 
could produce serious adverse effects in children. 


Precautions Scopolamine should be used with 
caution in patients with glaucoma, pyloric obstruc- 
tion, or urinary bladder neck obstruction. Caution 
should be exercised when administering an anti- 
emetic or antimuscarinic drug to patients sus- 
pected of having intestinal obstruction. 


Transderm'*-V system should be used with special 
Caution in the elderly or in individuals with impaired 
metabolic, liver or kidney functions. 


Pregnancy: Reproductive studies have been per- 
formed in rats and rabbits and have revealed no 
evidence of impaired fertility or harm to the fetus 
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The history of a 2,900 g infant who had no stridor at birth and developed subg==tic stenosis is presented in detail. The laryngeal lumen, 
which accepted a 3 mm endotracheal tube at one day of age, diminished to total oœ lusion at 15 months of age. There was an 8-day intuba- 
tion and tracheotomy at nine months. At 19 months the patient expired from sSsociated cardiac problems; the larynx was obtained at 
autopsy and was serially sectioned in the horizontal plane. A series (Imm-Tracem 0: 12 sections through the stenotic area is presented. It 
demonstrates gross distortion of the cricoid cartilage with ossification extending —<c the right paraglottic larynx. 


INTRODUCTION 


The whole organ serial section technique crigin- 
ally used to study the spread of carcinoma within 
the larynx has also been applied to the anatomy and 
development of the human fetus, embryo, adult hu- 
man, selected primates, and more recently, laryn- 
ges of infants and children with congenital and/or 
acquired laryngeal obstruction. The Laryngeal De- 
velopment Laboratory welcomes the opportunity to 
study such postmorten larynges from other institu- 
tions. The case presented is the result of such a col- 
laboration which provides clinical documentation 
of the management and postmortem histological 
documentation of the laryngeal end result (Fig. 1). 


CLINICAL SUMMARY 


The patient’s mother had one previous, unevent- 
ful, pregnancy which was delivered by cesarean 
section, secondary to cranial pelvic disproportion. 


This pregnancy was marked by pre-eclampsia 
with probable maternal hypertension treated with 
Apresoline® (20 mg every 6 hours). There was 
spontaneous rupture of the membranes and the pa- 
tient was born by cesarean section. After delivery, 
an attempt at intubation for suctioning was unsuc- 
cessful. A nasogastric tube was put in place and gas- 
tric irrigation was formed. There was no respiatory 
distress noted at birth. The patient was transferred 
immediately to the Hospital of the Albert Einstein 
College of Medicine for repair of a meningomyelo- 
cele found at birth. Other findings revealed IV 
systolic murmur and a small umbilical hernia. The 
child also had urinary retention. 


On September 2, 1977, the child was taken to the 


operatig room for closure of the meningomyelo- 
cele. A No. 3 endotracheal tube was in place for 
three tous. After the operation severe stridor was 
noted 2nd the patient was treated with Deca- 
dron® 2nd Vaponefrin®. He had a slow recovery of 
over two days. 


On *ictober 12, 1977, the patient was operated 
for deE idement and closure of the sacral wound. 
Mask amesthesia was noted. No intubation was done 
that dł» and postoperative mild retraction was 


found. 


The patient had several subsequent hospitaliza- 
tions; fr diarrhea, dehydration and decreasing car- 
diac sta us with respiratory distress. This required a 
head Hx: however, he was never intubated. 


On ame 24, 1978, the patient was admitted to 
the Bronx Municipal Hospital Center (BMHC) for 
fever, sehydration, and tachycardia. At that time 
he hac increased respiratory stridor and was in- 
tubate i on June 27. The respiratory distress ceased 
and the tachycardia also resolved. 


The patient was operated at BMHC on July 5, 
1978, »here he was extubated and a laryngoscopy 
was paformed by one of our staff. The description 
at that ime was edematous vocal cords with a “rag- 
ged” appearance. The patient suffered respiratory 
distres when the tube was removed and it was im- 
media ely replaced. 


On _aly 5, 1978, he had a laryngoscopy at BMHC 
where edematous vocal cords and a significant sub- 
glottic tenosis was noted; a tracheostomy was per- 
formed. 


On august 28, 1978, an endoscopy revealed a 
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Figure 1. 


ACQUIRED SUBGLOTTIC STENOSIS 


Fig. 1. The specimen has been serially sectioned in the horizontal plane. Each section is 25 p thick, 
thus, in a “tracer” series, every 40th section is approximately | rım deeper than its predecessor. The 12 
sections selected begin just above the false cord and carry dowaward in 1 mm steps through the glottis 
and subglottis to the infedior rim of the cricoid. The larynx is presented as it would be approached by the 
endoscopist; the uppermost level first, the lowermost last. The pesterior larynx is inferior, the anterior is 


superior. The patient’s left is on the observer's left as the sectioa is studied. 


Rather than attempting to describe each section in detail, a number of features will be followed 
through the specimen from one section to the next. 


Lumen. Section A shows the lumen just above the false cards; B at the level of the false cords; C 
shows the lumen of the left ventricle. On the right the floor of the right ventricle was already pushed up 
into the plane of section and, thus, the right ventricle is not show .. The posterior commissure is first seen 
to be compromised (in section B) by imterarytenoid scarring. This becomes more pronounced as one 
works deeper into the specimen so that space between the arytenoids is replaced by scar tissue all the 
way down into the subglottic larynx. Similarly, the anterior commissure is seen in section D, but as one 
goes beneath this there is definite scarring which is part of the same subglottic cicatrix. The lumen is at a 
minimum between sections G and H (the level of the cricothyroed membrane). Also, to be noted in sec- 
tions A or B are the lumina of the left and right saccules parar- edian to the laryngeal lumen itself. 


Cartilages. Thyroid — the notch 1s visible in section A. The thyroid cartilage can be followed 
relatively undisturbed through the lowermost portions of the inferior cornua (section I). The cricoid car- 
tilage is grossly distorted except in its uppermost portion (secticrs D, E and F). The rim of the cricoid is 
definitely thick, and in the latter sections it can be seen that t .ere is sequestration of the cricoid car- 
tilage, especially in its right half and in the posterior quadrant. Arytenoid cartilages — the left is 
relatively normal and can be traced through section E (along w th this the left cricoarytenoid joint can 
be seen to be relatively normal). The right arytenoid, however, s foreshortened at the level of the vocal 
process (section D). The right cricoarytenoid joint is definitely abnormal in sections E and F. In the 
region just above the superior rim of the right portion of the cricoid and below, the anterior remnant of 
the right arytenoid is an area of calcification (sections E, F anc 3). This can be followed from the right 
glottic soft tissue down into the superior rim of the cricoid where there seems to be very definite ossifica- 
tion seen even in section H, both anteriorly and laterally. 


Soft Tissues. The supraglottic soft tissues seen in sections A and B are relatively normal. The soft 
tissues of the left vocal cord are somewhat distorted in sectioning (sections D, E and F), but are relative- 
ly normal. The right vocalis muscle is replaced by scarring anc the previously mentioned ossification. 
Other muscles which can be identified are the interarytenczleus (A, B and C), cricoarytenoideus 
posticus (D-I) and the cricothyroideus (G-L). 


The area of scarring, therefore, proceeds from (section B) between the arytenoids posteriorly down 
into the subglottis and is circumferential around the lumen (sections E onward). It should be also noted 
that the fibrous structure of the cicatrix changes to a glandular b»pertrophy as one leaves the cricoid and 
approaches the trachea (section L). (H & E, x3.3) 
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subglottic stenosis with a less than 1.5 mm airway in 
the subglottic space. 


On December 13, 1978, laryngoscopy showed the 
larynx to be normal with normal vocal cord move- 
ment. A bronchoscopy was performed and below 
the vocal cords a greyish-like membrane with a 
total stenosis af the subglottic space was noted. An 
opening was created with biopsy forceps and a con- 
tinuous string was put in place. Bronchoscopy, at 
that time, revealed a rough and red trachea. The 
distal trachea and bronchi were normal. The con- 
tinuous string was left in place through the nose and 
larynx and out the tracheostomy site, as a guide for 
future bronchescopic dilatations. 


The patholkegy report of December 13, 1978, 
(Path No. S-7&-07345) showed fragments of upper 
respiratory mtcosa and fibrous connective tissue. 
This was the m aterial that was removed in order to 
open the subglettic space. 


On December 22, 1978, the patient was noted to 
have complete closure of the subglottic space. He 
was dilated with the No. 3 bronchoscope with great 
difficulty. On January 3, 1979, he was again dilated 
with the No. 3 bronchoscope and still had a com- 
plete closure. 


On January 11, 1979, there was reaction with 
granulation and edema, on the anterior one third of 
the vocal cords. from the string. There was less dif- 
ficulty, however, dilating the child with the No. 3 
bronchoscope. Two days later the patient devel- 
oped increasec temperature, and blood cultures 
were negative. The blood cultures revealed a coagu- 
lase negative staff and the patient was treated with 
Gantrisin®. 

He was endcscoped again on January 18, 1979, 
and the laryn= was still normal, there was still 
significant stenosis, and the child was dilated with 
the No. 3 bronchoscope. The child was dilated 
again on January 23. There was still bubbling 
through the larynx and, again, the child was dilated 
with the No. 3 bronchoscope (O.D. 16 Fr.). 


On February 2, 1979, the patient was endo- 
scoped with a 1-2 mm airway noted. He was dilated 
again with the No. 3 bronchoscope fairly easily and 
the No. 3.5 b-onchoscope could be passed with 
some difficulty On February 4, 1979, the No. 3 


bronchoscope was passed easily. On March 7, 1979, 
the No. 3 bronchoscope was passed with minimal 
difficulty and stenosis was both fibrous and 
granular. 


The 3 mm bronchoscope was passed easily on 
March 14, 1979, and a 3.5 bronchoscope was passed 
with some difficulty. Stenosis was seen to run for 
approximately 1 cm in length from under the cords 
to above the tracheostomy, with a 1 mm airway. 
On March 22, 1979, the stenosis was the same. The 
patient was dilated again with the No. 3 broncho- 
scope with difficulty. 


On March 23, 1979, an audiogram behavioral 
response showed responses at 60-70 dB. On April 
10, 1979, the patient underwent carciac arrest. 
There was no occlusion of the tracheostomy. 


An autopsy was done on April 11, 1979, which 
showed a cyanotic congenital cardiac disease. There 
was pseudotruncus arteriosus with a variety of 
tetralogy of Fallot including pulmonary valve 
atresia with a hypoplastic pulmonary artery and 
overriding aorta; ventricular septal defect; right 
ventricular hypertrophy; and bronchial pulmonary 
artery atresia. The patient also had pulmonary hy- 
pertension with tracheostomy in place: subglottic 
stenosis and chronic passive congestion of the liver. 


Additionally, the patient was noted to have 
multicystic kidneys and surgical repair of sacral 
meningomyelocele. The cause of death was respira- 
tory insufficiencies secondary to cyanotic congenital 
cardiovascular disease. 


COMMENT 


Serial section microscopic examination provides a 
retrospective look at pathological changes in the 
larynx invisible to the endoscopist’s mucosal per- 
spective. While good correlation is obtained be- 
tween the difficulty of dilatation and microscopic 
findings, the origin of such pathological change 
must remain speculative. Is it congenital? Ac- 
quired? Iatrogenic? 


This paper is published as a plea for further col- 
laborative studies. This laboratory will welcome the 
opportunity to study similar documented material 
from all sources. 
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ENDOSCOPIC FINDINGS IN SARCOIDOSIS 


CHARACTERISTICS AND CORRELATIONS WITE RADIOGRAPHIC STAGING AND 
BRONCHIAL MUCOSAL BIOPSY YIELD 


JOHN R. ARMSTRONG, MD 
JAN R. RADKE, MD PAUL A. KVALE, MD 
MICHAEL S. EICHENHORN, MD JOHN POPOVICH, JR., MD 


DETROIT, MICHIGAN 


Flexible fiberoptic bronchoscopy was performed in 10. patients with sarcoidssis, and the endoscopic findings were analyzed and cor- 
related with radiographic stages and diagnostic bronchial biopsy. Endoscop:c findings included bronchostenosis (26% of patients), 
mucosal nodularity (64%), hypervascularity (38%), and mucosal edema (55% . The only correlation between these findings and the 
radiographic stage was the presence of mucosal nodularity observed in 73% of staze I (14/19 patients), decreasing to only 48% in stage II 
(15/31 patients). Bronchial biopsy yield was 58% for stage ., 62% for stage II, ane 46% for stage III, with overall yield of 57% . However, 
the addition of bronchial biopsies increased the diagnostic ield of the bronchoscopic procedure from 73% for transbronchial biopsies alone 
to 88% when the two procedures were combined. In the presence of endobronehial stenosis, mucosal nodularity and hypervascularity, 
bronchial biopsy yield was 91% vs 37% when these were absent. We conclude that the endoscopic characteristics, with the exception of 
nodularity, do not correlate with radiographic stages. Bronchial biopsy yield is hicher in those patients with mucosal nodularity, increased 
vascularity, and bronchostenosis. Bronchial mucosal biopsy also improved the overall diagnostic yield when it is obtained in conjunction 
with transbronchial lung biopsy. 


biopsy with Olympus BF-2B, BF-3B and BF-2T bronchoscopes 
utilizing Olympus large cup (FB14-C) or Alligator (FB15-C) 
forceps in standard fashion.’ Mucosal biopsies were directed to- 
ward ar=as of greatest visualized abnormality. In the absence of 


INTRODUCTION 


The tissue confirmation of sarcoidosis has been 


greatly facilitated since the introduction and wide- mucosal alterations at least four bronchial biopsy specimens were 
spread use of the flexible fiberoptic bronchascope obtainec from several major carini or spurs. A minimum of four 
(FFB). Numerous authors have reported their ex- transbrenchial lung biopsies were taken from the area of greatest 


radiographic involvement unless excessive bleeding occurred. In 


ran with the use of transbronchial lung “iopsy individuals without parenchymal infiltrate or with diffuse and 


with the FFB in the diagnosis of this condition. ™* homogeseous disease, transbronchial biopsies were taken from 
However, the various endobronchial abnorm alities either o the lower lobes. 

that may be visualized with this technique, their Specimens retrieved at bronchial mucosal and transbronchial 
frequency with respect to radiographic disease biopsy were segregated and processed separately by the Depart- 
stage, and the potential influence on bronchzal bi- ment o Pathology in routine fashion. Typical noncaseating 


granulomata in the appropriate clinical setting, and in the 
absencesof acid fast organisms or fungal elements, was considered 


We have studied 101 patients with sarcoidosis un- diagnesic. 
dergoing flexible fiberoptic bronchoscopy. The na- Eacn patient was assigned to a radiographic disease stage at the 
ture and extent of the gross endobronchial =bnor- time of bronchoscopy based on the presence of hilar adenopathy 


Tr : i i alone (tage I), hilar adenopathy and parenchymal infiltrates 
malities in this setting were characterized. Im addi- (stage El) or parenchymal infiltrates without adenopathy (stage 


opsy yield has been less well defined. 


tion, the potential relationships among radiograph- III). Correlations between endoscopic findings, radiographic 
ic disease stage, bronchoscopic mucosal findings, stage, «nd diagnostic yield on bronchial mucosal biopsy were 
and the bronchial biopsy vields were explored. made. all statistical analyses were performed using x-square con- 
7 tingenc’ tables. 
METHODS RESULTS 
All patients (101) with sarcoidosis undergoing diagnosic FFB Tis ue confirmation of sarcoidosis was obtained 


by members of the Division of Pulmonary Medicine between i ; p 
February 1974 and February 1980 are included in this repert. En- at flezible fiberoptic bronchoscopy in 85 of the 101 


doscopic findings were described at the time of the procecure and patients. Twleve of the patients not diagnosed at 
analyzed retrospectively. Particular attention was focusedton such bronchoscopy had tissue confirmation from other 
endobronchial abnormalities as mucosal nodularity, bron hosten- sources; superficial lymph node biopsy (3), medi- 
osis, hypervascularity, edema, increased friability, and enlarged astincscopy or mediastinotomy (6), second broncho- 
brachial ganeOnSuaye scopy (2), and needle biopsy of the lung (1). The 


All patients underwent bronchial and/or transbronet ial lung four -emaining patients were asymptomatic with 
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Presented at the meeting of the American Broncho-Esophagological Association. Vancouver, British Columbia, May 11-12, 1981. 
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Fig. 1. Bromchial biopsy yield (%) as a function of 
radiographic disezse stage. 


symmetrical hilar adenopathy and elevated levels of 
angiotensin converting enzyme. The adenopathy in 
this group has remained stable or resolved over an 
18-month observation period. There were 57 fe- 
males and 44 ma_es. Eighty-five patients underwent 
both mucosal and transbronchial lung biopsy. 
Eleven had bronchial biopsy alone and five had 
transbronchial b:opsy alone. The overall diagnostic 
yield for bronchial mucosal biopsy was 57% 
(51/90). Transbronchial lung biopsy was diagnostic 
in 73% (70/96) of patients undergoing this pro- 
cedure. 


Among those who had both bronchial and trans- 
bronchial biopsies performed, the combined yield 
rose to 88% 75/85). The correlations between 
bronchial mucosal biopsy yield and radiographic 
stages were 58% in stage I disease (11/19), 62% in 
stage II disease (29/47) and 46% in stage III disease 
(11/24) (Fig. D. There was a significantly lower 
yield from bronchial biopsy among the stage III pa- 
tients as compa-ed to stage I and II disease (p< .05). 


The gross merphologic abnormalities described 
are listed in Tale 1. With the exception of mucosal 


TABLE 1. COMPARISON OF FREQUENCY OF 
ENDOSCOPIC FINDINGS AND RADIOGRAPHIC 
DISEASE STAGE 


Radiographic Stage = 

Gross Finding I II II Total 
Nodularity 73(14/19) 69(35/51) 48(15/34) 64(64/101) 
Stenosis 21( 4/19) 27(14/51) 26( 8/34) 26(26/101) 
Hypervascularity 42( 8/19) 39(20/51) 32(10/31) 38(38/101) 
Friability 42( 8/19) 18( 9/51) 29( 9/31) 26(26/101) 
Edema 98(11/19) 57(29/51) 52(16/31) 55(56/101) 
Enlarged Glands 16( 3/19) 12( 6/51) 6( 2/31) 11(11/101) 

All differences between stages NS (p> .05) except nodularity lower in 
stage III (p< .05). 





nodularity, the frequency with which these findings 
were noted did not vary significantly with radio- 
graphic disease stage. The finding of nodularity in- 
creased the bronchial mucosal biopsy yield among 
all patients regardless of radiographic stage, from 
52% (14/27) when absent to 68% (43/64) when 
present. Similarly the diagnostic yield increased 
from 51% (34/67) in the absence of endéobronchial 
stenosis to 74% (17/23) when this finding was pres- 
ent. Hypervascularity had a similar positive effect 
increasing bronchial biopsy yield from 51% (29/57) 
when absent to 63% (23/36) when this finding was 
present. 


As shown in Figure 2, among those patients 
without either mucosal nodularity, hypervasculari- 
ty, or bronchostenosis, the total yield at bronchial 
mucosal biopsy was 37%. In the presence of any 
two of these endoscopic abnormalities, diagnostic 
yield rose significantly to 72% (p<.01). A further 
significant increment in diagnostic yield on bron- 
chial mucosal biopsy occurred in the presence of all 
three abnormalities to 91% (p< .05). 


Descriptions of other less specific endescopic ab- 
normalities such as mucosal edema, friability, or 
enlarged bronchial gland openings were associated 
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g. 2. Bronchial biopsy yield (%) as a function of endoscopic findings. 
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B) “larked mucosal nodularity with irregular 


A) Tracheal mucosal hypervascularity. Note ves: 
bronca al narrowing. 


sels running perpendicular to tracheal rings. 





D Macronodular change nearly obstructing seg- 


C) Smooth concentric bronchostenosis with wid 
mer—_l orifice. 


ening of the carini. There is suction artifact suggest 
ing increased friability. 





F Enlarged bronchial gland. The mucosa is atro- 
ph= and there is a large vessel circumferentially 
abcet the segmental orifice. 


E) Fine nodularity affecting the anterior tracheal 
wall. 


Fig. 3. Representative bronchoscopic ab iormalities that may be encountered in endobronchial sarcoidosis. 
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with a slightly higher yield on bronchial mucosal 
biopsy. However, the relationship between these 
findings and biopsy yield does not achieve signifi- 
cance when they are considered individually or in 
combination. 


DISCUSSION 


In 1941 Beredict and Castleman first reported 
the diagnosis o? sarcoidosis made by means of bron- 
chial mucosal biopsy.’ It has since been shown that 
sarcoidosis may frequently involve the bronchial 
mucosa and submucosa.*"'? This involvement may 
range from microscopic granulomatous infiltration 
in apparently normal appearing mucosa to gross en- 
dobronchial distortion of major airways. The utility 
of mucosal bicpsy in these patients has been pre- 
viously established by other studies utilizing rigid 
bronchoscopy.*'* With the advent of the FFB, at- 
tention has sh:fted towards improving diagnostic 
yield with transbronchial lung biopsy. While the 
results from transbronchial lung biopsy depend on 
the extent of the disease, radiographic staging, and 
biopsy techniques, yields in excess of 90% have 
been achieved in some instances.'? Despite this, 
bronchial biopsy is advocated for all suspected cases 
of sarcoidosis coming to bronchoscopy.'* However, 
the role and efficacy in the context of FFB has not 
been extensively evaluated. The three major areas 
considered here are: 1) the relationship between 
radiographic d-sease stage and bronchial mucosal 
biopsy yield, 2) the nature and extent of major en- 
dobronchial atnormalities, and 3) the influence 
these abnormalities may exert on diagnostic yield 
from bronchial mucosal biopsy. 


In our patients the radiographic disease stage af- 
fected bronchial mucosal biopsy yields. The yield 
was significant y lower in stage III disease, al- 
though even here it was still 46% . Previous authors, 
utilizing rigid bronchoscopy, have consistently 
recorded lowest yields on bronchial biopsy in stage I 
patients.*’°'* The reason for this is not entirely 
clear. However. most of these authors also describe 
a higher yield ir stage II disease.*'°'? We also 
found a higher vield in stage II disease (62%), but 
maintained a similarly high yield for stage I pa- 
tients. 


Mild changes in the mucosal vascular pattern (eg, 
parallel clusters of vessels running at right angles to 
the cartilaginous rings) have been described as an 
early manifestation of sarcoidosis (Fig. 3).* Mucosal 
nodules 24 mm in diameter are frequently de- 
scribed scattered diffusely throughout the major 
airways.°’’ Thes2 are often associated with mucosal 


thickening and edema. Progression to plaque-like 
lesions or even large protuberant nodular excre- 
scences are observed. Frank bronchostenosis and 
airway obstruction are more advanced pathological 
changes. The frequency with which the en- 
doscopic abnormalities are distributed among the 
various disease stages is not well established. 
Carlens reported no bronchostenosis in 44 patients 
with radiographic stage I and II disease ° However, 
Stahle described this finding in 6 of 27 (22%) of his 
patients with radiographic stage I disease,’ similar 
to our 26% when all stages were comb:ned. There 
were no differences among the stages. Mucosal 
nodularity was our most frequent finding (64%) 
and was the only abnormality to show a significant 
variation with stage, decreasing in stage III. 


Overall yield on bronchial mucosal biopsy has 
ranged from 19-63% among the various reported 
series.”’*'!"' Improvement in diagnostic bronchial 
mucosal yield in the presence of endobronchial ab- 
normalities was reported in the 1960s"? and 
reference to this phenomenon has been made more 
recently.*'* We found that certain abnormalities 
had a definite influence on yield. The presence of 
nodules, stenosis and hypervascularity each indi- 
vidually increased the yield. However, all three to- 
gether were associated with an improvement from 
37% if all were absent to 91% if all were present. 
The association between improved yield and 
edema, friability, and enlarged bronchial gland 
openings was less specific. There were 16 patients 
without mucosal nodules, bronchostenosis or hyper- 
vascularity, and 6 had a positive mucosal biopsy 
(37%). Of these six patients three had negative 
transbronchial lung biopsies; thus the bronchial 
biopsy was the only positive tissue obtained during 
FFB. 


We conclude that endobronchial abnormalities 
do not appear to vary with radiographic disease 
stage with the exception of mucosal modularity. 
This appears to be a significantly less frequent find- 
ing in stage IIT disease. Bronchial mucosal biopsy 
was also less often diagnostic in stage III disease in 
our series. The presence of mucosal nodularity, hy- 
pervascularity, and bronchostenosis significantly 
improves bronchial biopsy yield. We recommend 
that bronchial mucosal biopsies be performed in all 
suspected cases of sarcoidosis undergoing FFB. If 
further studies corroborate the high diagnostic yield 
of bronchial biopsy in the presence of mucosal 
nodularity, hypervascularity, and bronchostenosis, 
it may be possible to omit transbronchial lung biop- 
sies in this selected group of patients. 
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A NEW UNIVERSAL BIVALVED SPECULUM DIRECT LARYNGOSCOPE 


GEORGE BERCI, MD 


PAUL H. WARD, MD 


Los ANGELES, CALIFORNIA 


A new bivalved slit laryngoscope with an ad- 
justable suspension apparatus is a valuable new in- 
strument for both diagnostic and operative suspen- 
sion laryngoscopy. 


Laryngoscopes can conventionally be divided in- 
to two major categories: small diameter scopes 
designed for diagnostic evaluations, and larger, 
more cumbersome operating (suspension) instru- 
ments. Diagnostic laryngoscopes can be introduced 
into most patients but have the drawbacks of mo- 
nocular visualizetion (with or without the micro- 
scope) and limited instrumental and manipulative 
working space. ! 


Operating laryngoscopes, while overcoming 
these inadequac es, are sometimes difficult to in- 
troduce because of their size. The anatomy of the 
obese short-necked patient, or of patients with 
prominent teeth and limited ability to open their 
mouths further complicate the introduction of the 


A 





Fig. 1. Slit bivalved laryngoscope. A) In closed position, 
showing angle of upper blade (arrow) with screw (S) for 
opening blades. Ba In opened position. 


scope. The shape, size and configuration of the tip 
are important factors that play a role in the safe and 
easy introduction of the instrument. 


This new direct laryngoscope was specifically de- 
signed to overcome the deficiencies of both examin- 
ing and operating scopes (Fig. 1). The straight 
lower blade is smaller in diameter at the end than 
other operating laryngoscopes. The upper blade is 
gently angled to provide a small overall diameter 
during introduction. After introduction, and upon 
opening the blades by turning the screw, it acts to 
lift the anterior commissure (Fig. 1B). This action 
eliminates the additional wide tip or flange of the 
Holinger or Dedo type scopes during introduction 
but provides improved visualization upon opening 


of the blades. 


The fiberoptic bundle for illumination has a flat 
configuration and contains more fibers for brighter 





Fig. 2. Laryngoscope (end-on view) showing the flat 
light carrier positioned at the bottom of the lower blade 
(arrow). A suction tube or Venturi type injector tube can 
be inserted in a slot beside the light carriers. 


Fig. 3. Complete apparatus including bivalved laryngo- 
scope, light carrier, suction tube and Reicher-Kleinsasser 
chest support. 


From the Division of Head and Neck Surgery, UCLA School of Medicine, Los Angeles. 
Presented at the meeting of the American Broncho-Esophagological Association, Vancouver, British Columbia, May 11-12, 1981. 
REPRINTS — George Berci, MD, Division of Head and Neck Surgery, UCLA School of Medicine, Los Angeles, CA 90024. 
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uniform illumination than the conventional! small 
laterally-placed light carriers (Fig. 2). A suction 
tube for continuous evacuation of smoke, if the laser 
is being used, can be inserted in a slot next to the 
light carriers. 

The laryngoscope is introduced in a standard 


fashion and when in position, is attached to a 
Reicher-Kleinsasser laryngoscope holder and chest 


345 


suppe - (Fig. 3). The anterior and posterior com- 
missumes are seen well and repeated repositioning 
maner ~ers using a standard scope are avoided. The 
wide xlateral slits allow optimum working space 
for ins ruments during microsurgical procedures. 
Experence thus far suggests this instrument pro- 
vides a significant advance in laryngoscopy. * 


*Man -acturer: Karl Storz Endoscopy-America, Inc., Los Angeles. 
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VIDEO LARYNGOSCOPY USING A RIGID TELESCOPE AND VIDEO 
HOME SYSTEM COLOR CAMERA 


A USEFUL OFFICE PROCEDURE 


EIJI YANAGISAWA, MD 


NEW HAVEN. CONNECTICUT 


J. 2ICHARD CASUCCIO, MD 


New HAVEN, CONNECTICUT 


MASAFUMI SUZUKI, MD 


TOKYO, JAPAN 


A simple but reliable method of videotaping the larynx using the Nagashima rigid laryngoscope (telescope) and a low-cost home video 
color camera is described. Video laryngoscopy using this technique is a useful office procedure. The video material obtained was of high 


quality and of great value for teaching, voice analysis, preoperative and postoperative evaluation and documentation of varicus laryngeal 


disorders. 


Ever since the successful visualization of the 
larynx via a mrror by Manuel Garcia in 1854. 
many different methods of laryngeal photography 
have been tried. They included indirect and direct 
laryngoscopic pk otography,'* microscopic photog- 
raphy," telesecpic photography’? and fiberoptic 
photography.'*'* Photographic documentation of 
the larynx has traditionally been done in still and 
motion pictures, but more recently videotape re- 
cording has gained widespread acceptance.’ 


The purpose o° this paper is to introduce a simple 
but reliable metk od of videotaping of the larynx us- 
ing a Nagashima rigid telescope (laryngoscope) and 
a reasonably priced video home system (VHS) color 
camera. 


EQUIPMENT 


The equipment used for this technique (Figs. 1 
and 2) is as follows: 


Nagashima Laryngoscope. This laryngoscope 
(right-angled SFT-1, Nagashima Medical Instru- 
ment Co., Tokyc) is a single integrated unit com- 
posed of a telescope and a light transmission system 
(Fig. 1). It measures 24.5 cm in length and 9 mm in 
outer diameter. The angle of the prism at the tip of 
the laryngoscope is 70° providing a right-angled 
view of the larynx. The rectangular outlets on each 
side of the lens o-fer well-balanced illumination of 
the viewing field It gives a clear, enlarged view of 
the larynx which fills the entire screen of the TV 
monitor when used with the Panasonic® WV3100 
camera with a te escopic adaptor. The telescope is 
connected to the cine-video adaptor and its fiberop- 
tic light cable to a xenon light source (Fig. 3). 


Light transmission of the Nagashima laryngo- 
scope was excellent and provided brighter defini- 
tion of the image than other endoscopes we tried. 
The reasons for this appeared to be the wide diam- 
eter of the telescope, the newer optical lens system it 
employed, integration of the light cable into the 
telescope without a connecting joint and a higher 
number of fibers in the light-transmitting system. 
This laryngoscope requires no additional light cable 
nor a special photographic sheath. 


Video Camera. There are several excellent color 
video cameras specially designed for endoscopic 
documentation. The cost of these cameras is often 
prohibitive for the practicing otolaryngologist. Be- 
cause of recent technological advances and wide- 





Fig. 1. Nagashima laryngoscope, right-angled SFT-] 
composed of a rigid telescope and a fiberoptic light trans- 
mission system. Note that the light cable is an integral part 
of the scope. The inset shows the tip of the laryngoscope 
with its right-angled viewing prism and two illuminating 
outlets. 


From the Section o Otolaryngology-Head and Neck Surgery, Department of Surgery, Hospital of St. Raphael; the Section of Otolaryngo ogy. Depart- 
ment of Surgery, Yale University School of Medicine: and the Department of Otorhinolaryngology, Keio University School of Medicine. Tokvo. 


Presented at the meeting of the American Broncho-Esophagological Association, Vancouver, British Columbia. May 11-12, 1981. 
REPRINTS — Eiji Yanagisawa. MD, 98 York Street, New Haven. CT 06511. 
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spread use of home video equipment, mar®¥ com- 
pact, low-cost portable color video cameras have 
now become available. Several of the home video 
cameras have been tried for video laryngoscapy. Of 
these, the Panasonic portable color camera 
WV3100 fulfilled many requirements of laryngeal 
videotaping. 


The Panasonic WV3100 is a fully self-contained, 
compact and lightweight color camera (Fig. 2). The 
camera has a 7/;in (16 mm) integral stripe filter 
vidicon which receives its power from a Panasonic 
portable video cassette recorder or an AC acaptor. 
The 1°% in (35 mm) viewfinder, which is aso used 
for VCR playback, is mounted on the camera head 
and its position can be easily changed so that the ex- 
aminer can view the larynx during the procedure 
(Fig. 2D). The WV3100 comes with telephcto lens 
(f-60 mm, Nagashima) for routine televisin z. This 
lens is detachable and the cine-video adaptor can be 


B 
FOOT CONTROL PAUSE CABLE O 
EXAMINER 


Fig. 3. Schematic diagram of video laryngoscory sys- 
tem. Note that the videocassette recorder is operatec 3y the 
examiner using a foot control pause pedal. 





Fig. 2. Equipment for video 
laryngoscopy. A) Nagashima laryngo- 
scope; B) F-60 mm cine-video adap- 
tor; C) Microphone; D) Viewfinder; 
E) VHS color camera; F) Camera 
cable to videocassette recorder; G) 
Adjustable pistol grip; H) Fiberoptic 
light cable to xenon light source. 


connected to the C-mount coupler on the camera 
body “Fig. 2B). A convenient power switch allows 
the cemera to be turned off when not in use. This 
will sare the vidicon tube. Another advantage of 
this camera is that its pistol grip is adjustable which 
can be turned in such a way that the examiner can 
hold the pistol grip comfortably in one hand (Figs. 2 
and4. 


The price of this camera at the time of this 
writiag is about $900. In view of rapidly advancing 
videc technology and competitive video market, a 
more compact and sophisticated but reasonably 
priced video camera may appear in the not-too-dis- 
tant future. Other lightweight video cameras with a 
C-mcunt coupler can also be used for this tech- 
nique. 


Light Source. The standard incandescent light 





Fig. 4. Technique of video laryngoscopy. The larynx is 
viewed and centered through the viewfinder of the camera 
er on the screen of the TV monitor. Note that the camera is 
b lanced with the hand and shoulder. 
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Fig. 5. Examples of video laryngoscopy photographed from TV monitor screen. (Case 1, A-J) Normal larynx on phona- 
tion (A-H) and respiration (I-J). (Case 2, K-O) Multiple laryngeal polyps. Note that the polyps move up (K-L) and down (O) 
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sources did not provide sufficient illumination for 
video laryngoscopy but the xenon illuminator (Karl 
Storz 487) designed for cinematograpry and 
videotaping provided excellent lighting. 


Video Recorder and Monitor. Technical’ any ° 
in (18 mm) or '/, in (12.5 mm) video recorde- can be 
used. A %/,in Sony video cassette recorder 702610 
was used in this study. When needed, the ¥, in vid- 
eotapes can be transferred to 'hin format through a 
series of commercially available coupling devices. A 
color monitor is ideal for televised laryngoscopy but 
a more economical portable color television may be 
substituted. 


TECHNIQUE 


The patient and examiner sit facing eaeh other 
(Figs. 3 and 4). The soft palate and the posterior 
half of the tongue are topically anesthetized with 
2% tetracaine hydrochloride (Pontocaine® ) solu- 
tion. The telescope is connected to the vides camera 
via the cine-video adaptor and its fiberortie light 
cable to the xenon illuminator (Figs. 2 anc 3). The 
tip of the telescope is dipped in warm water and 
dried to prevent fogging of the lens durin z the ex- 
amination. The video camera and then the illumin- 
ator are turned on. The xenon illuminatas is set in 
the high filming mode (15-23 A). 


The examiner holds the video camera in ene hand 
and inserts the telescope into the mouth while hold- 
ing the patient’s tongue with the other hend (Fig. 
4). When the desired image appears on the monitor 
screen, video recording is begun. The laryngeal im- 
age is centered on the screen by using the view- 
finder of the camera or the television momitor. The 
larynx is videotaped both on phonation and respira- 
tion. Every effort should be made to stabilize the 
camera and the laryngoscope to preveat image 
movement during videotaping. 


RESULTS 


Of the 40 consecutive patients studied, video lar- 
yngoscopy was successfully performed in all but one 
patient who could not tolerate the procedure be- 
cause of anxiety. All patients were adults 


Consistently good results were obtainec when the 
larynx was videotaped using the Nagashima laryn- 
goscope and Panasonic camera WV3100 with the 
xenon light source in high filming mode. The qual- 
ity of laryngeal images on the TV monitor screen 
was much superior to that obtained by a flexible fi- 
beroptic endoscope. 


Examples of color pictures photograched from 
the TV screen of laryngeal conditions in the two pa- 
tients are shown in Figure 5. The larynx was exam- 
ined both on phonation and at rest, providing a 
functional view of the larynx. Not only was vocal 
cord mobility easily visualized but the vibrations of 
the vocal folds could be seen in most instances (Fig. 


5). The floppy motion of vocal cord polyps passing 
throigh the glottis in case 2 was vividly docu- 
merced by this technique (Fig. 5 K-O). Also the 
subdottic region, particularly the area under the 
anterior commissure, could be clearly visualized. 


COMMENTS 


V deo laryngoscopy using a rigid telescope and 
VES color camera is a useful office procedure and 
was found to be of great value for teaching, voice 
ana ‘ysis, and preoperative and postoperative evalu- 
ation and documentation of various laryngeal dis- 
orders. 


\adeo documentation of the larynx by this tech- 
nique provides many advantages. The technique is 
simple and as easy as indirect laryngoscopy; yet it 
gives much useful information difficult to obtain 
fron a brief indirect mirror examination. The en- 
tire procedure takes less than ten minutes. 


\agnification of the image by both the telescope 
anc the cine-video adaptor provides a view of the 
larynx which fills the TV monitor screen. The new- 
er cptics of the rigid telescope produce a televised 
picture of high resolution.*'*'" 


Live viewing by physicians, patients and assisting 
personnel is possible.’*'!7'? This is an excellent 
teaching tool for medical students and residents. In 
maay instances, the videotape was shown to the pa- 
tier ts and it was extremely helpful for the patient to 
uncerstand the necessity for treatment. 


The taped image can be instantaneously replayed 
anc examined repeatedly. This will eliminate the 
need for multiple and prolonged examination of the 
patient. More critical evaluation of the laryngeal 
imzge can be done by freezing its motion for a 
frane by frame examination using a videotape 
player equipped with a pause capability. This al- 
lows the physician to detect a small obscure lesion 
which may be unrecognized at the time of the ini- 
tia mirror examination. 


One of the most important advantages of video 
lar-ngoscopy is the ease of simultaneous voice re- 
cording. Voice can be simply recorded by plugging 
the audio output connector of the camera cable to a 
casette recorder. For high fidelity voice recording, 
the use of a separate external microphone is recom- 
mended which is directly connected to the cassette 
recorder. Simultaneous audio and video documen- 
taton is particularly valuable for a preoperative 
and postoperative voice analysis of the patient. The 
sumgeon can document a progressive improvement 
or regression of laryngeal disorders of the patient. 


Dne of the disadvantages of this technique is that 
it s impossible to study an uncooperative patient 
such as a small child or patients with active gag re- 
flexes, For examination of these patients, a flexible 
fit=roptic laryngoscope is more useful. Another 
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minor disadvantage is that there is some distortion 
of the laryngeal image due to the wide angle lens of 
the telescope. The structures closer to the lens such 
as the epiglottis and arytenoids appear disappropri- 
ately larger than the vocal cords which are farther 
away from the lens. 


It is important to emphasize that not all the home 
video cameras can be used for this video laryngo- 
scopy with a rigid telescope. Only the cameras 
equipped with a detachable lens, a C-mount coup- 
ler and an adjustable or detachable hand grip can 
be used for this technique. 


SUMMARY 
Video laryngoscopy using the Nagashima laryn- 
goscope and VHS color camera is a simple and use- 
ful office procedure. 


Success of this technique depends upon a) use of a 
xenon light source, b) adequate topical amesthesia of 
the pharynx and the base of the tongue, and c) sta- 
bilization of the laryngoscope and the camera. 

Video material obtained was of high quality and 
of great value for teaching, voice analysis, perma- 
nent records, preoperative and postoperative eval- 
uation and documentation of various laryngeal dis- 
orders. 
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FLEXIBLE FIBEROPTIC BRONCHO=COPY AND PULMONARY 
CYTOLOGY IN THE EVALUATION OF PATIENTS WITH HEAD AND 
NECK MALIGNANCIES 
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In a study involving 107 patients with new primary tumors of the head a24 neck and normal chest roentgenograms, the information 
gained from flexible fiberoptic bronchoscopy and pulmonary cytology was aaalyzed. A small but significant proportion of the patients 
(14%) had positive cytologies. Contrary to previous reports, contamination > bronchial washings with tumor cells from head and neck 
neoplasms did take place. In most patients, the source af contamination appeazed to be the passage of the bronchoscope adjacent to the en- 
dotracheal tube. Two patients with normal chest radiographs and positive cytdlagic studies were discovered to have pulmonary metastases 
within one year of bronchoscopy. It is concluded that malignant involvement cfthe lungs is unlikely in patients with a normal chest radio- 
graph, normal bronchoscopy, and negative bronchial waskings. This informan appears to be of value in staging patients with head and 
neck cancer. Positive bronchial washings are always associated with malignar=y, either in the head and neck or the lungs, and should be 
considered an indication for further evaluation. Recommendations are made reyarding the technique of bronchoscopy as part of panendo- 
scopy in head and neck cancer patients, and diagnostic strategies are proposec sor patients with positive bronchial washings and negative 


chest radiographs. 


INTRODUCTION 


In the staging of head and neck malignancies, it 
has long been recognized that the lungs are a fre- 
quent site for neoplastic involvement. The d:scov- 
ery of pulmonary metastases or second primary tu- 
mors of the lung in patients with newly diagnosed 
primary tumors of the head and neck radically 
alters the therapeutic approach. Malignant involve- 
ment of the lung usually portends a grave prognosis. 
Studies based on postmortem examination demon- 
strate evidence of pulmonary metastases in as many 
as 60-80% of patients with squamous cell carcino- 
ma of the head and neck. In several reports of 
multiple primaries associated with head and neck 
cancers, primary lung carcinoma accounts for 
11-25% of second primary tumors,*5 with an es- 
pecially frequent association with oral and laryn- 
geal carcinoma.° 


The standard approaches to detection of pulmon- 
ary malignancies include chest roentgenography, 
sputum cytology, bronchoscopic biopsy, bronchial 
brushings, and bronchial washings. In dealing with 
squamous cell carcinoma of the head and neck, spu- 
tum cytologies are not reliable for detection of pul- 
monary neoplasms, since malignant cells from the 
head and neck tumor can contaminate sputum. 
Therefore chest roentgenography and broncho- 
scopy are the methods of choice in the detection of 
pulmonary malignancy in these patients. To our 
knowledge, virtually all the reported experience 
with these methods has been in patients with pri- 
mary lung carcinoma. 


Chest roentenography may reveal indirect evi- 


denc of lung carcinoma, manifested by lobar col- 
lapse. consolidation, effusion, mediastinal enlarge- 
men's or discrete parenchymal nodules. Goldmeier’ 
has estimated that a bronchial carcinoma must be 
at least 1 cm in diameter and contain approximately 
l bil-on cells before it can be detected on routine 
ches’ roentgenography. A neoplasm arising in a 
mair bronchus or within the normal mediastinal 
and bilar shadows may exceed 2 cm in diameter 
befo-e it is roentgenographically detectable.’ 
Osw2d et alë observed that 2% of confirmed lung 
carcmomas could not be detected on routine chest 
roen-genogram, and most of these arose near the 
mair bronchi. Thus, chest roentgenography is a 
usefe screening procedure, but lesions of signifi- 
cant size may remain undetected. 


Tte development of the flexible fiberoptic bron- 
choseope by Ikeda et al in 1968? has resulted in a 
dramatic improvement in visualization of the tra- 
cheooronchial tree. According to Kovnat et al,'° 
85% of the fifth order subsegmental bronchi and 
59% of sixth order bronchi can now be well visual- 
izec with this instrument. 


Weh increased visualization has come improve- 
mene in the cytologic detection of pulmonary neo- 
plasms. Statistically, cytologic specimens from 
bronchoscopy are more accurate in the diagnosis of 
squamous cell carcinoma than adenocarcinoma.® 
Squemous cell carcinoma usually occurs more cen- 
trall- while adenocarcinoma tends to arise in the 
lung periphery. Controversy exists regarding the 
bes: method of obtaining cytologic specimens. The 
date are based on experience in patients with pri- 
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TABLE 1. LOCATIONS OF ORIGINAL AND SECOND 
PRIMARY MALIGNANCIES (N = 12) 


Original Primary Second Primary 
Tongue Larynx 
Tongue Tonsil 
Tonsil Esophagus 
Supraglottic larynx Lymphoma 
Supraglottic larynx Pancreas 
Supraglottic larynx Uterus 
Glottic larynx Pyriform sinus 
Glottic larynx Bladder 
Glottic larynx Prostate 
Glottic larynx Leukemia 
Esophagus Lung 
Esophagus Cecum 


mary carcinoma of the lung. Several studies have 
shown that biopsy and brushings in combination 
provide the highest yield.'''? Others have shown 
that a combination of biopsy and bronchial wash- 
ings is superior.'*'* 


Both radiographic and bronchoscopic methods 
are used frequently for evaluation of the lungs in 
the staging of head and neck malignancies. Little 
difficulty exists where there is a roentgenogram 
strongly suggestive of primary or metastatic carcin- 
oma of the lung. The fact that most patients pre- 
senting with head and neck carcinoma are at risk 
for malignant involvement of the lung but usually 
have normal chest roentgenograms places impor- 
tance on bronchoscopic and cytologic assessment in 
this group. Dellon et al'5 found that direct washings 
of a series of head and neck tumors resulted in 
positive cytologies in 72% of cases. The same 
authors noted that none of these 18 patients had 
positive pulmonary cytologies and concluded that 
there is no contamination of bronchial washings 
from head and neck tumors. This study was limited 
by its size end the fact that most of the head and 
neck tumors did not lie in proximity to the path of 
the bronchoscope. Only one of the patients had car- 
cinoma of the larynx. 


It is apparent that the accuracy and effectiveness 
of bronchoscopically obtained cytologic specimens 
has not been fully assessed in the setting of concur- 
rent head and neck malignancy. A study was under- 
taken to address the issue of bronchoscopy in the 
setting of nermal chest roentgenograms for the de- 
tection of pulmonary malignancy in patients with 
head and neck cancer. 


METHODS 


Patient Selection. The records of patients admitted to the Hos- 
pital of the Unversity of Pennsylvania and the Philadelphia Vet- 
erans Administration Medical Center from July 1, 1976, to De- 
cember 31, 1980, with newly diagnosed malignancies of the head 
and neck were identifiec. Patients with previous malignancies of 
the head and neck were excluded. Each patient was systemically 
evaluated by paysical examination, plain chest roentgenograms, 
barium swallow, complete blood count, electrolytes and enzyme 
panel. Direct Laryngescopy, bronchoscopy, and esophagoscopy 
were performed in each case for staging of the tumor. Patients 
with radiographically demonstrable pulmonary malignancies 
were excluded “rom this series. 


Technique of Bronchoscopy. Under general anesthesia with en- 
dotracheal intubation, flexible fiberoptic bronchoscepy was car- 
ried out prior to biopsy of the primary lesion. Broncnoscopy was 
performed with either a Pentax FB-19A or Olympus BF-5B2 flexi- 
ble fiberoptic bronchoscope. The bronchoscope was passed 
through the larynx either adjacent to the endotracheal tube or 
through the tube while ventilation continued. Care*ul examina- 
tion of the entire tracheobronchial tree was carried out in a syste- 
matic fashion. Cytologic washings were collected from each main 
bronchus. 


Colleetion and Analysis of Specimens. Following visual exam- 
ination of each lung, 10-15 ce of normal saline were :nstilled into 
the main bronchus and collected in a Lukens trap. The specimens 
were carefully labeled, fixed with 95% ethanol, and evaluated by 
the cytopathologist. Cytologic classification is as follows: 

Class I: negative, absence of suspicious cells. 

Class II: atypical cytology, no evidence of malignancy. 

Class III: suggestion of, but not conclusive of mal gnancy. 

Class IV: strongly suggestive of malignancy. 

Class V: conclusive of malignancy. 

For the purpose of this study, cytologies of class Ill, IV, and V 
were considered significant for malignancy. 


RESULTS 


All patients in our series had documented squa- 
mous cell carcinoma of the upper aeredigestive 
tract. Of the 107 patients, there were 94 males and 
13 females. The average age of our patients was 
58.2 years. 


Thirteen patients (12%) were found to have ei- 
ther synchronous or metachronous second primary 
malignancies. The average age of these patients was 
60.1 years, slightly older than the average for the 
entire series. The locations of the second primary 
malignancies are listed in Table 1. 


Fifteen patients (14%) were found to have posi- 
tive pulmonary cytologies. Two of these patients 
(2/15) were found to have pulmonary malignancies. 
One patient had synchronous pulmonary metastases 
in the hilum; the other developed roentgenograph- 
ically apparent pulmonary metastases within 12 
months. The remaining 13 patients with positive cy- 
tologies (13/15) had normal chest roentgenograms 
and have no detectable pulmonary maligmancy to 
date. Two patients (2/107) with normal chest roent- 
genograms and negative pulmonary cytologies de- 
veloped pulmonary metastases within 12 months. 


A significant finding was the difference in results 
associated with the method of passing the broncho- 
scope through the larynx. In 62 patients (58 % ) the 
bronchoscope was passed through the larynx adja- 
cent to a small caliber endotracheal tube. In 45 pa- 
tients (42%) the bronchoscope was passed through 
a larger endotracheal tube. There was a significant- 
ly greater incidence of false positive cytologies 
(10/13) when the bronchoscope was passed through 
the larynx adjacent to the endotracheal tube, as op- 
posed to passage through the tube (3/13) (Table 2). 
Eight patients (8/13) with false positive cytologies 
had carcinoma of the larynx (Table 3). 


DISCUSSION 


The results of this study indicate that >roncho- 
scopy can provide useful information in the staging 
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TABLE 2. CYTOLOGIC RESULTS ACCORDING TO 
BRONCHOSCOPIC TECHNIQUE 


Adjacent to Through 
Endotracheal Tube Endotracheal Tube 


True negative 50 40) 


True positive l ] 
False negative l ] 
False positive 10 3 


of head and neck cancer patients. In two patients, a 
radiologically occult pulmonary metastasis was 
detected with bronchoscopy and washings. A nor- 
mal chest roentgenogram, normal bronchoscopy, 
and normal bronchoscopic cytologies virtually ex- 
clude malignant involvement of the lungs. It is also 
noted that passage of the flexible fiberoptic bron- 
choscope through the endotracheal tube provides 
the most reliable cytologic specimens. Contrary to 
previous reports,'® contamination of bronchial 
washings with malignant cells from the head and 
neck primary can occur. In nearly all such cases, 
the bronchoscope was passed through the larynx ad- 
jacent to a small endotracheal tube. False positive 
cytologies occurred most commonly in cases of car- 
cinoma of the larynx. This is not surprising, as this 
phenomenon is probably attributable to the direct 
contact of the bronchoscope and the tumor. 


We also find that consultation with the cytopa- 
thologist is helpful in evaluating positive cytologic 
specimens. Differentiation between adenocarcino- 
ma and squamous cell carcinoma is often possible 
and histologic comparison of the cytologic speci- 
mens with those of the primary tumor may aid in 
the identification of false positive results. 


In the staging of head and neck tumors, it has 
been our practice to perform panendoscopy under 
general anesthesia to permit an unhurried anc care- 


TABLE 3. LOCATION OF PRIMARY TUMOR IN CASES 
OF FALSE POSITIVE CYTOLOGIES 





Location Number 
Lp l 
Faor of mouth l 
Tongue 3 
Larynx 8 


ful exemination of all areas with appropriate biop- 
sies. hen possible, a large endotracheal tube (8 
mm immer diameter or larger) should be used. Prior 
to bicpsy of the primary lesion, bronchoscopy 
should be performed. Because of its superior diag- 
nostie capabilities, the use of the flexible fiberoptic 
bronekoscope is preferred. Using an endotracheal 
tube .dapter, the flexible bronchoscope can be 
passed hrough the endotracheal tube while ventila- 
tion continues. Cytologic specimens are then col- 
lected without mechanical contact between the 
broneL »scope and the primary tumor. 


It iseoncluded that malignant involvement of the 
lungs | unlikely in patients with a normal chest 
radiozraph, normal bronchoscopy, and negative 
bronek al washings. Positive bronchial washings 
should be an indication for further evaluation. All 
positive eytologies should be reviewed with the cy- 
topathclogist and compared with the histology of 
the pr mary lesion. Polytomography or computer- 
ized ial tomography of the lungs may be indi- 
cated a these patients. Repeat bronchoscopy with 
bronck al washings is recommended in the cases of 
unexp zined positive cytologies. If no explanation is 
found. or if it felt to be a false positive due to con- 
tamina ion from the head and neck primary, close 
follow-up with regular chest roentgenograms and 
physica examination is indicated to detect early 
pulmonary metastases or the development of a sec- 
ond p2amary tumor. 
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BRONCHOSCOPIC CRYOTHERAPY 


DAVID R. SANDERSON, MD 
H. BRYAN NEEL III, MD, PhD ROBERT S. FONTANA, MD 


ROCHESTER, MINNESOTA 


Bronchescopic-cryotherapy of localized endobronchial tumors can be applied in selected patients who are not candidates for other 
traditional therapy. Twenty-eight patients were treated on 60 occasions with a closed liquid nitrogen system and a long iasulated probe 
that was specifically designed to be used through an open ventilating bronchoscope. The condition of 15 patients (54 % ) wes improved, as 
judged by local tumor control, decreased bleeding, or improved airway patency. Fatal complications that could be ascribed -o cryotherapy 
occurred in 2 of the 60 treatments (3% ). Two patients have experienced complete control of squamous cell cancers four year. and five years 
nine months after cryotherapy. 


Malignant tumors of the tracheobronchial tree insult and hence the volume of histologie cryonecro- 
constitute a major portion of all neoplasms en- sis are not precisely predictable by the size of the ice 
countered in clinical practice. Standard therapy ball at the time of freezing but are affected by the 
consists of surgical resection of those localized le- rate and depth of freezing and the duration of 
sions in which histologic features suggest that extir- thawing. The combined effects of rapid freezing 
pation can be curative. When the disease is limited and slow thawing — generally spontaneous thaw- 
in extent but resection is not possible, radiation ing — are maximally lethal to the tumor. 
therapy is often used for palliation or occasionally - l l 
for cure. When the disease has extended outside the _ Life-threatening neoplasms that arise primarily 
thorax, systemic chemotherapy may be selected for in the trachea or bronchi are surgically excised or 
palliation. treated by radiation therapy, or both whenever 

possible. We believed that cryosurger> could be 

In some patients in whom disease is confined to used for cure or palliation of certain tracheobron- 
the tracheobronchial tree but not amenable to chial neoplasms and that new methods fcr the treat- 
traditional local therapeutic measures, systemic ment of in situ and early invasive bronchogenic 
therapy is not recommended. In this selected group tumors, particularly multicentric tumor . would be 
of patients, endoscopic cryotherapy can be a useful possible. This impression led to a sees of ex- 
therapeutic alternative. periments in which the trachea and broachus were 

frozen circumferentially by using standardized 
BACKGROUND cryosurgical techniques. We found that this pro- 


cedure could be done safely. Subsequently, Neel 
and Sanderson designed a long, insulated probe 
with interchangeable tips for peroral endoscopic 
cryosurgery in the trachea and bronchus (Fig. 1). 
The 55-cm probe, which is now commereially avail- 
able, is vacuum-insulated except for the inter- 
changeable tips. The interchangeable probe tips 
allow adaptation for anatomic variations so as to 
improve contact between the probe tm and the 


Experiments with tumors in mice treated by cryo- 
therapy have shown that lower temperatures, re- 
peated freezing and thawing, and larger probe tips 
produced a higher rate of tumor control! (Table 1). 
An extensive review of the history of cryotherapy 
for the treatment of cancer and of the experimental 
and theoretic bases for the application of cryosur- 
gery has been published by one of us.? In summary, 
for consistent control of malignant tumors by cryo- 





surgery, the following factors are important: probe- TABLE 1. TUMOR CONTROL: RELATIONSHIP TO 
tip temperatures of — 160°C or less, large contact REPETITION OF FREEZING AND TO PROB®= TIPS AND 
surfaces between the probe tip and the tumor (or TEMPERATURES 

use of liquid nitrogen sprays), two or three Mice Cured (%) 

(repetitive) probe applications, freezing to tumor _ Area of 
temperatures of less than — 30°C, and rates of ne see ae) Coan aes 
freezing greater tħan 100°C per minute. Heat ex- °C 1 2 3 1:3 1:4 
traction can be potentiated considerably by induc- — 180 50 62 83 82 54 
ing ischemia with pharmacologic doses of epineph- —60 7 26 42 44 16 
rine around the tumor. The magnitude of the cold Data from Neel et al.’ 


From the Mayo Clin:c and Mayo Foundation, Rochester, Minnesota. This investigation was supported in part by Research Grant CB=3886 from the 
National Institutes of Health, Public Health Service. 


Presented at the mee-ing of the American Broncho-Esophagological Association, Vancouver, British Columbia, May 11-12, 1981. 
REPRINTS — D. R. Sanderson, MD, Mayo Clinic, Rochester, MN 55905. 


354 


BRONCHOSCOPIC CRYOTF=RAPY 355 





7 


C Ee ss cavuslencelannnlsnottannnlisat 


(fre 





tumor. In monkeys and dogs, detailed experimental 
studies that preceded the clinical experience showed 
that extensive areas of trachea and bronchi may be 
safely destroyed by application of a cryoprobe to 
either the external (serosal) surface or the iaternal 
(mucosal) surface. The peroral technique with the 
long probe was used with the patients who consti- 
tute this report. 


PATIENTS AND METHODS 


Our study group consisted of 23 men and 5 women wose ages 
ranged from 47 to 77 years (mean age 63 years). Through May 1, 
1981, these 28 patients had received cryotherapy on a tetal of 60 
occasions (Table 2). The most frequent diagnosis for which cryo- 
therapy was given was squamous cell bronchogenic carcinoma. 
Except in one patient with disabling chronic obstructive pul- 
monary disease and cor pulmonale, all conventional forms of sur- 
gical and radiation therapy had been attempted, but dssease ap- 
parently limited to the thorax still persisted. One patient with a 
cylindroma and one with tracheopathia osteoplastica had cryo- 
therapy as the primary treatment. One patient had -ecurrent 
bronchial carcinoid tumor after left lower lobectomy and numer- 
ous prior electrocautery treatments for hemoptysis o: varying 
severity during a 14-year period. One other patient kad prior 
radiation therapy for carcinoma of the esophagus, but an un- 
usually situated mediastinal nodal metastasis invaded the trachea 
anteriorly and compromised the lumen of the airway. 


Patients treated by cryotherapy were selected from those re- 


TABLE 2. BRONCHOSCOPIC CRYOTHERAP®™: 60 
TREATMENTS IN 28 PATIENTS 


—eeOOQ”qV—QDeeQq@QQqQQQ00—— OOq*s*$s$>qoq$> — SS _—“—m«—«=« m—«<=m=—_00.—— 


Treatments 
No. of Patients No. Total 

13 l 13 

8 2 16 

2 3 6 

3 4 12 

] 5 9 

l 8 8 

Total 28 60 





Fig. . A) Insulated cryoprobe (55 cm long) and broncho- 


scope. F Probe tip protruding from ventilating bronchoscope. 
C) Intes¢hangeable probe tips of varying configuration to con- 
form tc anatomic variations. 


ferred for consideration of alternative therapy for endobronchial 
lesions after failure of other modalities, or with the clinical im- 
pressiar that none of the conventional modalities offered a high 
likelinowd of success. In most patients, the potential for surgical 
resectimn had already been exhausted, and several had received 
maximal dose radiation therapy. Yet their tracheobronchial le- 
sions ere sufficiently limited that systemic chemotherapy was 
deeme inadvisable. Several patients had localized obstructing le- 
sions tat compromised ventilation to major portions of the bron- 
chial tre. 


Onl, three patients had no prior treatment. One patient had 
lung cancer and severe obstructive lung disease such that neither 
resect=-n nor radiation therapy was thought possible. The patient 
with œ indroma was given cryotherapy as the primary treatment 
because the size and the extent of the lesion precluded resection 
and ta-re was doubt about the radiosensitivity of her tumor. 
(Thre= years later, radiation therapy was given because of pro- 
gressiew of the tumor, and she again experienced remission.) The 
patiert with tracheopathia osteoplastica was reluctantly treated 
becau= of concern that some of the nodular projections of osteoid 
tissue were substantially reducing the lumen of the right main 
broncas and there was no effective alternative therapy. 


One patient insisted on general anesthesia for bronchoscopy; 
topica anesthesia was used in all of the other patients. Prepara- 
tion i#duded nothing by mouth, parenterally administered atro- 
pine saifate and meperidine hydrochloride, and topical anesthesia 
(200 t 400 mg lidocaine hydrochloride as a 4% solution). An 
open ~entilating bronchoscope (9 mm by 40 cm) was used for in- 
spectia, biopsy, and debridement (when necessary) and as the 
condui‘ for the 55-cm insulated cryoprobe. Oxygen was delivered 
continuously via a sidearm connection, and an anesthetist moni- 
tored -ae vital signs and the electrocardiogram. 


Initi lly, the probe tip at room temperature was placed at the 
desired site in the bronchus, and then liquid nitrogen was cir- 
culate=. Because this procedure proved exceedingly slow, in later 
patierts we cooled the probe initially before application. Al- 
thougthe probe tip promptly froze to the tumor site, this did not 
substantially hinder correct positioning. Selection of probe tips 
was based on which configuration seemed most likely to give max- 
imal f»-to-tumor contact. The long cylinder and the hockeystick 
ball tg proved most useful. 


Aft= the tip temperature was reduced to approximately -160° 
C, the probe was inserted and applied to the tumor. Transient 
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Fig. 2. Squamous cell carcinoma in 
51-year-old male. A) Recurrent carcino- 
ma (ca, extent outlined by arrows) in 
stump of right main bronchus 5 years 
after pneamoneetomy and 1 year after 
radiation therapy to mediastinum. L - 
Left main broncius: C - Carina. (Bright 
white “flecks” a-e artifacts.) B) Ice ball 
(outlined by arrows) in stump during cry- 
otherapy. 


warming occurred, but in 1 to 3 minutes, temperatures from -150 
to -160° C were again achieved. This level of cooling was main- 
tained for two minures, and then circulation of nitrogen was dis- 
continued anc spontaneous thawing was allowed to occur. 


When temperatures increased to between + 5 and + 10° C. the 
probe tip separated trom the tumor spontaneously and the probe 
could be removed. The ice ball was observed until thawing was 
complete, anc then any secretion or blood was aspirated to again 
leave a dry field. 


The probe was reeooled and reapplied for two minutes. Three 
freezing-thawing cydes were done unless one of the freezes failed 
to create an ice ball at the desired site, in which case the proce- 
dure was repeated. 

After the third effective freeze, the bronchoscope was removed 
and the patiemt was-transferred to the recovery room. After our 
first half-dozen patients, we used orally administered corticoster- 
oids and antibiotics prednisone, 10 mg four times daily, and te- 
tracycline hydrochloride, 250 mg four times daily, for three days) 
routinely, on an empiric basis, in hopes of reducing bronchial 
edema, which might compromise ventilation in an already nar- 
rowed airway. 

After cryotherapy, most patients remained hospitalized over- 
night for observatior of any untoward complications and were 
dismissed the next day. Generally, bronchoscopic examination 
was repeated 4 to 8 weeks later in order to evaluate the results and 
often to repeat cryotherapy. 


RESULTS 


Objective assessment of results from cryotherapy 
was difficult. Because most patients had malignant 
tumors that extended beyond the range of the ice 
ball, control by freezing was not a realistic goal, 
and palliation was the most favorable outcome that 
we expectec to achieve. 


Repeated examinations at 4- to 8-week intervals 
allowed visual inspection and photographic docu- 
mentation for comparison before and after response 
(Table 3). Usual y. bronchial biopsy was repeated 


TABLE 3. BRONCHOSCOPIC CRYOTHERAPY: RESULTS 





Patients 
Result No. % 
Favorable 15 54 
Local tumor control 8 
Decreased bleecinz 4 
Improved airwcy patency 3 
No benefit 13 46 





to evaluate the histologic response. Reduction in 
tumor size or extent after therapy was regarded as 
local tumor control; this result was noted in eight 
patients. Of these eight patients, three seemed to 
have major, sustained local control. One patient 
with localized verrucous squamous cel! cancer of 
the main carina received cryotherapy on five occa- 
sions and exhibited excellent regression of the 
tumor; however, foci of microscopic tamor cell 
nests persisted in the biopsy specimen after the 
fourth freezing treatment. The patient died sudden- 
ly of a myocardial infarction while mowing his 
lawn eight months after the first and five weeks 
after the fifth freezing procedure. Autopss disclosed 
no gross lesion at the carina.’ Unfortunately, serial 
sections of the bronchial tree were not done. and 
thus presence or absence of residual tumor was not 
determined. 


A second patient had right pneumonectomy for 
squamous cell cancer in 1970. Four years later, re- 
current cancer at the stump was confirmed by biop- 
sy and treated with irradiation. One year later, 
streaking hemoptysis developed and biopsy again 
confirmed the presence of recurrence (Fiz. 2). The 
stump of the right main bronchus was treated by 
cryotherapy on three occasions during the next 18 
months. The patient was well and free of disease 
more than five years nine months after initial cryo- 
therapy. Bronchial biopsy specimens from the 
stump show benign mucous membrane, and results 
of sputum cytology remain normal. 


The third patient had right pneumonectomy for 
T2 N2 MO stage III squamous cell cancer in 1973. 
followed by radiation therapy to the mediastinum. 
Four years later, he had streaking hemoptysis, 
bronchoscopy revealed an area (approximately | 
cm?) of friable mucosa in the midtrachea along the 
posterolateral wall, and biopsy indicated squamous 
cell cancer. This area was noncontiguous with the 
stump and thought to be a second primary focus. 
Cryotherapy was applied four times during a l-year 
period. The most recent biopsy specimen was be- 
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nign, and findings on sputum cytology rem ain nor- 
mal four years after the first treatment. 


The remaining five patients with loca tumor 
control had early regression. only to be followed by 
more extensive spread of their lesions. Ameag these 
patients was the one with cylindroma, wh» exper- 
ienced excellent initial shrinkage of tumor (Fig. 3) 
and relief of symptoms that was sustainec for 2'4 
years. She then had a recurrence and received radi- 
ation therapy. Her condition improved, and she is 
alive with evidence of recurrence five years nine 
months after initial cryotherapy. 


Four patients had major hemoptysis as promi- 
nent symptom before cryotherapy; this symptom 
decreased in severity after the freezing procedure 
even though complete local control was not =chieved. 


In three other patients, wheezing anc stridor 
were severe because of bulky tumors that filled 
much of the major airway. They experiemeed dra- 
matic relief of airway obstruction after forceps de- 
bridement and cryotherapy of the tumor base. Nev- 
ertheless, subsequent progression caused further 
symptoms and death four weeks to 23 months after 
initial cryotherapy. 


Thus, we found that 15 of the 28 patiemts (54%) 
apparently benefitted from cryotherapy. Two pa- 
tients have had a long-term excellent response and 
may be cured. A third patient died sucdenly of 
my ocardial infarction, and no grossly visile tumor 
persisted at autopsy examination. 


COMPLICATIONS 


During cryotherapy, all patients were monitored 
by electrocardiogram and blood pressure recording. 
No patient experienced any change in shythm or 
any signs of myocardial ischemia during tae proce- 
dure. 


One patient had experienced brisk hemoptysis 
preoperatively from a large friable polypcid tumor 
in the left main bronchus. Cryotherapy caused ini- 
tial shrinkage of tumor tissue and no severe acute 
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Fig. 3. Adenocystic carcinoma (cylin- 
droma) in 65-year-old female. A) Tumor 
(T, extent outlined by arrows) filling 
50% of lumen of distal trachea. L - Left 
main bronchus; C - Carina. B) Appear- 
ance 3 months after cryotherapy, show- 
ing remarkable tumor regression and im- 
əroved airway patency. L - Left main 
madi hs C - Carina; R - Right main 
bronchus; Tr - Right wall of distal tra- 
chea. 


bleed ng during or immediately after thawing. Five 
days ¿fter cryotherapy, he had another massive he- 
mop-vsis and died. Although autopsy was not done, 
the eschar created by freezing may have sloughed, 
exposed a major bronchial vessel, and permitted the 
bleeding. Alternatively, the hemorrhage might 
have occurred spontaneously in the course of his ad- 
vanced disease. 


Tae other major complication was in a patient 
with previous right pneumonectomy and radiation 
therapy who had recurrent squamous cell cancer at 
the sump that extended across the carina and into 
the saroximal left main bronchus. Cryotherapy to 
the sarina was given in hope of delaying occlusion 
of the left bronchus, which seemed imminent. The 
dav after treatment, increased wheezing was noted 
over he left lung. Despite use of corticosteroids and 
antiaiotics, wheezing and respiratory insufficiency 
incr=ased during the four days after cryotherapy. 
Dean occurred from respiratory insufficiency, pre- 
sume=bly due to edema in the airway (autopsy exam- 
ination was not done). 


DISCUSSION 


Cryotherapy in the bronchial tree is capable of 
indacing coagulation necrosis of tissue and destruc- 
tior of tumors, but appropriate selection of patients 
is exceedingly important. 


Jae optimal lesion would be small in surface 
area superficial in penetration into the bronchial 
wal. and situated in the trachea, main’ bronchi, or 
accsssible lower lobe bronchus. Limitation of probe 
tip size to the internal diameter of the ventilating 
branchoscope restricts the extent of ice ball crea- 
tior. even with repeated applications. Experimen- 
ta. studies with this closed-probe system have de- 
termined the depth of penetration of freezing to be 
several millimeters; thus, deeply invasive tumors or 
peribronchial malignant tissue are not likely to be 
affeeted.* Moreover, the requirement of straight- 
akead access via the rigid bronchoscope precludes 
accsss to many regions of the bronchial tree, es- 
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pecially the upper lobe branches, with the currently 
available equipment. 


When confronted with a bulky tumor that is 
crowding the airway, the endoscopist has the alter- 
natives of initial debridement and subsequent freez- 
ing of the tumor base or initial application of the 
cryoprobe to create thrombosis in the tumor vascu- 
lar supply and subsequent debridement. In some of 
our patients with a tenuous airway for ventilation, 
the former sequence was necessary simply to allow 
for patient comfort and ventilation during the 
subsequent freezing procedure. Nonetheless, this 
can produce sufficient endobronchial bleeding to 
obscure details of the lesion and to hamper later 
placement of the probe tip. If circumstances per- 
mit, it seems preferable to create an ice ball first 
and then to remove obstructing tumor tissue me- 
chanically with a cup or basket forceps. Bleeding 
still will occur after thawing, but this generally has 
not been a major problem. In either situation, di- 
rect application of an adrenalin solution (1:20,000) 
with a long cotton swab is useful for constricting 
vessels and decreasing bleeding. Throughout this 
phase of the procedure, suctioning via a velvet eye- 
tipped aspirator and use of rigid-lens Hepkins 
telescopes are necessary to achieve optimal 
visualization and appropriate tip-to-tumor place- 


ment. Once the ice ball is formed by the probe-tip 
contact, bleeding ceases; however, an adequate 
lumen must remain around the tip and ice ball for 
ventilation. 


After cryotherapy, a necrotic eschar forms in the 
bronchial tree, which will slough and be expector- 
ated after 2 to 4 weeks. During this early phase, pa- 
tients may have streaking hemoptysis and an in- 
crease in irritative cough. With one exception — 
the patient who had fatal hemorrhage — bleeding 
has been minimal in our patients. After expectora- 
tion of the eschar, many patients have experienced 
diminution of the symptom of coughing. 


Bronchoscopic cryotherapy does not have wide 
application. Indeed, most patients with localized 
endobronchial tumors can more predictably be 
treated by surgical resection or radiation therapy. 
There is little point in seeking endobronchial pallia- 
tion for patients with widespread systemic metasta- 
ses. Nevertheless, in carefully selected patients with 
isolated endobronchial tumors in whom the other 
local therapeutic modalities have been exhausted or 
in whom further surgical or radiation therapy is not 
feasible, bronchoscopic cryotherapy does serve as a 
good alternative for palliation and even long-term 
tumor control. 
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ESOPHAGEAL CANCEF RESEARCH 
IN THE PEOPLE’S REPUB_IC OF CHINA 


WU BUAN-HSING, MD, DMR 


PEKING, CHINA 


Esophageal cancer, which accounts for 21% of all cancer deaths in China has been the subject of epidemiology studies in the three 
areas of the country where the disease is most prevalent In the area of the hizaest mortality rate, the first field research unit was estab- 
lished to study cancer in high-risk areas. The investigat ons of this unit for the last 20 years are discussed, including the design and im- 
plementation of the studies. The geographic, dietary anc cultural factors in the +tiology of esophageal cancer are examined. The results of 


the studies and the clinical applications are explored. 


I take great pleasure in conveying to wou the 
greetings of the Chinese Society of Oncology, and 
wish to express our hopes of increasing contacts and 
of mutual exchange of visits, to consolidate the 
friendly ties existing between colleagues of cur two 
countries, 


Today I will present some sidelights on the back- 
ground and significance of cancer work in high-risk 
areas in China, especially with reference to cancer 
of the esophagus. 


In a large country like China with 9.6 million 
square kilometers, often one variety of canser can 
have high-risk areas thousands of kilometer: apart, 
with completely different climatic’and geelogical 
conditions. The populations in these areas are all of 
one ethnic group and are fairly stable, in that for 
generations, people are born, live, marry, work and 
die within that same geographic area. As we all 
know, a stable population provides favorable condi- 
tions for long-term epidemiologic studies on the 
various aspects of a disease. 


The present talk is an account of the work carried 
out in one such county, called Linxian. It is a rural 
county with a fairly large population (750,000) dis- 
tributed over an area of 2,000 square kilometers. 
Statistical figures of prevalence and yearly mortali- 
ty rates due to cancer of the esophagus for Linxian 
county and for the whole province show tk at they 
top the list compared to the figures for all other pro- 
vinces and counties of China. (Incidentally, =sopha- 
geal cancer accounts for over 21% of all cancer 


deaths in China.) 


The field research unit in Linxian was the first 
one established and has served as a pilot for studies 
on all other varieties of cancer in their respective 
high-risk areas. Also, trends in morbidity and mor- 
tality rates can be evaluated for Linxian because the 
county has kept a cancer registry since 1952. 


Before commenting on the work done in Linxian 
county, allow me first to say a few words on the 
conc29tual approach which we have adopted in 
buildmg our network for cancer investigations, es- 
pecialy the lessons we learned on how to set up a 
field »esearch team. 


Back in the late 1950s, when malignant diseases 
started to become an important if not one of the ma- 
jor health problems for our government authorities 
and <er the medical profession, new cancer hospi- 
tals aad cancer research institutes began to be or- 
ganized in the various large cities of China. The 
class:cal concept of organization in such hospitals or 
institutes is based on the establishment of two main 
sectioas, namely the clinical section and the labora- 
tory ar experimental section. As it happened in the 
expersence of other countries where cancer work 
has e much longer history, we very soon also found 
out the undesirable sharp division in this approach 
— the gap between the staff of the clinical section 
and tke staff of the experimental laboratory section. 


In such a situation, when two parties work 
separately, isolated from each other, we say in 
Chinese that there is “no air communication.” This 
mean: that each section’s staff is enclosed in its own 
airtigat space, with no exchange of viewpoints. 
Such an airtight system of work could create many a 
misunderstanding between the clinician and the 
laboratory worker. Once after a scientific discus- 
sion, somebody jokingly made the remark that it 
has been a session of PhDs versus MDs, because the 
viewpoints were different, each side believing itself 
to be -he wiser. On the one side, the clinician often 
feels frustrated at being unable to probe deeper into 
the understanding of the various aspects of the 
disease such as the mechanism of action of factors 
invo.~ed in carcinogenesis, the evolution of the dis- 
ease. the search for more reliable or simpler meth- 
ods o: early diagnosis, for means of prevention, etc. 


From the Department of Radiation Oncology, Cancer Research Institute, Chinese —cademy of Medical Sciences, Peking. 


Presented at the meeting of the American Broncho-Esophagological Association, Vancouver, British Columbia, May 11-12, 1981. 
REPRINTS — Wu Huan-Hsing, MD, Director, Cancer Research Institute, Chinese Aeademy of Medical Sciences, Peking, China. 
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On the other side, the laboratory worker in the 
midst of his tissue cultures and laboratory animals 
often gets lost or is led astray in evaluating his ex- 
perimental results, because there is always that 
delicate problem of extrapolation of results from the 
cell in vitro to the experimental animal in vivo and 
from the animal to the human species itself. Such a 
situation happened in the work of our own clinical 
and laboratory sections, for example in their search 
for the causal factors in esophageal cancer with 
reference to the role of nitrosamines. 


Some years ago, reading an interesting mono- 
graph, Problems of Experimental Oncology by 
Graffi and Beilka of Berlin, I was struck by the first 
lines of the dedication: “To the memory of the mil- 
lions of experimental animals whose lives were sac- 
rificed to help the cancer patient.” Due credit must 
be given also to the contributions of experimental 
oncologists, along with the millions of animals, in 
furthering our understanding of the process of 
malignant changes in cells or tissues under the influ- 
ence of carcinogenic or cocarcinogenic agents. At 
the same time we also have come to realize that 
however useful are all the species of animals used in 
experimental oncology, from mice and rats to ham- 
sters, marmosets or monkeys, we always have some 
reservations in extrapolating the results from ani- 
mals to man. Pure strain animals living under well- 
defined environmental conditions and given stan- 
dard diets are somehow different when compared 
to even a well-defined ethnic group, living in the 
same area and with the same occupations in life. 


So, a solution had to be found where more direct 
observations on humans could be carried out. This 
is where in the last two to three decades, with the 
advent of the new discipline of cancer epidemiol- 
ogy, the work of both clinical and experimental on- 
cologists was given a new orientation. First, the 
discovery by the cancer epidemiologists of high-risk 
areas for some varieties of cancer has provided an 
opportunity for study. Such high-risk areas look like 
a vast laboratory provided by nature where clini- 
cians and experimentalists can work together, 
bringing together these two disciplines and so al- 
lowing the “air to communicate” in planning their 
research projects. This was the beginning of the 
concept of establishing field research units in high- 
risk areas. From the descriptive and analytical data 
provided by the epidemiologists, our clinicians and 
experimental workers can now plan their research 
projects with clues related to etiology pathogenesis, 
diagnosis, treatment and prevention of disease. 


After having described the guiding principles un- 
derlying our work, allow me now to comment brief- 
ly on some of the data acquired from the Linxian 
field unit. 


Numerous statistics for high- and low-risk areas. 
such as comparative incidence and mortality rates: 


chemical analysis of samples of soil, water, food- 
stuffs and cereals; and biochemical investigations in 
patients and controls, are already reported in many 
publications. I will try to sum up these figures and 
give the gist of the investigations with a few com- 
ments. These remarks will be in three areas of in- 
vestigation: 1) geographical features of the high-risk 
area; 2) etiological factors in relation to external 
surrounding factors, mode of life and dietary hab- 
its; 3) clinical applications of results obtained in the 
field research unit. 


FACTORS RELATED TO CLIMATIC AND 
GEOLOGICAL FEATURES 


Three high-risk areas to be discussed are 1) Linx- 
ian county (Henan Province, North China, popula- 
tion 750,000). where during a period of 30 years the 
mortality rate for esophageal cancer varied from 
100 to 150/100,000; 2) Yang Zhong (at the estuary 
of the large river Yangtze, Central China, popula- 
tion 200,000) with a mortality rate of 99/100,000, a 
figure close to that of Linxian; and 3) Nan’ao (an 
island off the coast of Guangdong Province, South 
China; area about 100 square kilometers; popula- 
tion 50,000, mostly engaged in fishing) with a mor- 
tality rate of 87/100,000. 


In these three high-risk areas are found the same 
ethnic population groups but living in completely 
different climatic and geological conditions and 
with different modes of life. Linxian is a moun- 
tainous area with poor dry arid soil, Yanz Zhong a 
river island on the Yangtze River with damp allu- 
vial soil, and Nan’ao is a small hilly island off the 
sea coast of Guangdong Province where the popula- 
tion lives mostly on sea products. 


When the first epidemiological survey ‘or cancer 
of the esophagus was started in 1959 in Linxian and 
surrounding counties, a strong impression given was 
that a close relationship existed betweer the high 
incidence of the disease and the conditions of life in 
proximity to mountainous areas and areas with arid 
soil. 


By mapping out the mortality rates for Linxian 
and the surrounding 180 counties, covering a 
population area of 50 million, the impression was 
given of “high mortality areas,” selectively lying 
close to the Taihang mountain range, gradually 
fading off the farther one moves away from the 
mountains. Such was the initial impression of 
geological nature and climatic conditions as clues in 
our search for etiological factors of the disease. A 
traditional saying in Linxian is three simple Chinese 
words, “san pu tung,” literally translated as “three 
no passages.” The first “no passage” means no roads 
in such mountainous areas, and the second means 
no irrigation canals or rivers in such a dry area. The 
third “no passage” describes the tragic fate of so 
many patients in the late stages of the disease when 
food or drink cannot pass anymore. 
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Now the peasants are saying that the first two “no 
passages” have been solved with the construction of 
the famous Red Flag Canal, diverting the water of a 
large river in a neighboring province into Linxian, 
and the construction of many irrigation canals and 
roads. The third “no passage” still awaits solution 
by the medical workers. 


ETIOLOGICAL FACTORS IN EXTERNAL ENVIRONMENT, 
MODE OF LIFE AND DIETARY HABITS 


From the above description, it is obviousthat we 
shall have to look further for clues to lead us to the 
real factors. During the initial stages of investiga- 
tion, attention was centered on the possible rela- 
tionship of types of soil on which the crops were 
grown and of the sources of drinking water Irom the 
local wells. Therefore, the chemical composition of 
samples of soil, crops, foodstuffs, and water from 
the high- and low-risk areas were analyzed and 
compared. 


The data obtained showed that in high-risk areas 
the content of one particular trace element, molyb- 
denum, was significantly lower than in samples 
from the low-incidence areas. Molybdenum has 
received more attention than other trace elements 
because it is an important constituent of certain en- 
zymes such as the nitrate reductase. It is knewn that 
foodstuffs from Linxian and other areas of high risk 
contained very low amounts of molybdenum. The 
molybdenum deficiency in the soil leads to accumu- 
lation of nitrates in the cereals and other feodstuffs 
grown on that soil. In Linxian county itself, by en- 
couraging and advising the farmers to use am- 
monium molybdate as fertilizer, the nitrite and 
nitrate levels in vegetables were markedly de- 
creased by 20% on the average, and the vitamin C 
level increased by 24% on the average. 


This is the first clue leading to the formulation of 
a hypothesis that the excessive amount of nitrites 
and nitrates in foodstuffs, cereals and water could 
react in the stomach with secondary amines and 
form N-nitroso compounds of which some are 
known as potent carcinogenic agents, and some be- 
lieved to be organ-specific. 


At the same time, our workers in the field unit, 
by living in the midst of the population investi- 
gated, turned their attention to all other factors re- 
lated to dietary habits, the nature of the food, its 
nutritional value and even the way the peasants 
cook and consume food, in other words, their living 


habits. 


Most of the malignancies are now believed to 
have not only a multifactorial basis for their 
etiology, but also it is probable that a specific organ 
malignancy of the same histomorphology may have 
different spectrum of carcinogenic factors. 


One factor that might play a role in initiating or 
promoting the carcinogenic process in Linxian’s 


cases is the poor oral hygiene of the average peas- 
ant, even causing the loss of teeth at an early age. 
The poorly masticated coarse food, often contamin- 
ated dy various species of fungi, may be a cause of 
minute trauma to the delicate esophageal mucosa. 
Surgical specimens of resected esophageal cancer 
very often show intracellular inclusions of fungi. 
According to some authors, the chronic infection of 
the esophageal mucosa predisposes to the fungal in- 
vasion. The fungus itself is experimentally proved to 
enhance the formation of nitrosamines by reducing 
nitraces to nitrites, decomposing proteins and in- 
creasing the amount of amines. 


In one such experiment carried out by our 
workers, it was noticed that the bad storage of food 
in the peasant’s homes frequently caused contamin- 
ation of cornbread by fungi of the species belonging 
to Fusarium, Geotrichum, Aspergillus, etc. The 
stearaed cornbread is prepared by peasants usually 
once a week or in some families every two or three 
weeks to save time. Days later, the cornbread 
woul] have become moldy inside, and this stale 
contaminated food was eaten by the peasants. 
When a small amount of sodium nitrite is added to 
molcy eornbread and incubated for a week, analy- 
sis b7 gas chromatography and mass spectrometry 
shoves the presence of N-nitroso compounds such as 
dimethylnitrosamine, diethylnitrosamine, methyl- 
benzylnitrosamine and a recently identified volatile 
nitraamine, N-l methylacetyl-N-3 methylbutyl 
nitresamine (MAMBNA). This last compound was 
found to be mutagenic, according to the Ames test. 


Arimal experimentation with rats and mice can 
be semmed up as follows. Fusarium-contaminated 
corndread produces carcinogenic mycotoxins and 
whea NaNO, is added into the moldy cornbread 
more papillomas and more carcinomas are pro- 
duced in experimental animals fed on the corn- 


bread. 


Another dietary habit of the area is the heavy 
cons.imption of a special variety of pickled vegeta- 
bles -aken together with the cornbread or hot gruel. 
Sometimes when the peasants are thirsty they take a 
drinx made from the supernatant fluid in the jar 
containing the pickled vegetables. The taste is very 
sour.and sometimes salty. From the epidemiological 
data, the mortality rate of esophageal cancer ap- 
pears te have a close relation to the amount and the 
duration of consumption of these pickled vege- 
tables. 


Two components of the pickled vegetables were 
analyzed chemically. One is the extract from the 
vege-ables and the other is the fluid from a culture 
of a fungus most commonly contaminating the 
pick ec vegetables, Geotrichum candidum, Link. 
When mice were fed by gastric intubation with ex- 
trac’ fuid from pickled vegetables, papillomas in 
the orestomach were induced. The chemical sub- 
stance contained in the pickled vegetables which 
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produces mutagenic effects is probably the Roussin 
red methyl ester, which curiously enough has not 
yet been reported as existing in natural products. It 
was first synthesized by Roussin in 1858. This com- 
pound may react with secondary amines to form ni- 
trosamines. It is suggested that the combined action 
of such chemical carcinogens, eg, nitrosamines 
formed in vivo from their precursors in food and 
water and the mycotoxins contaminating the food, 
and poor nutrition are the chief causative factors of 
cancer of the esophagus in Linxian county. Dietary 
deficiencies of vitamins A and C and riboflavin and 
the poor oral hygiene of the peasants in the high- 
risk areas are contributing factors. 


According to the modern concept of the two- 
stage carcinogenic process, it would be a great ad- 
vance in formulating preventive measures if we 
could classify all the factors studied into one of the 
two stages, ie, initiating or promoting. 


Very often, practical measures of eliminating the 
promoting factors could well avoid the ultimate 
malignant degeneration of the esophageal mucosa 
which had already been acted on by an initiating 
agent. Also. it would be useful to follow up some of 
the cases of hyperplasia classified as grade 1 by our 
cytologists which, due to the action of repair en- 
zymes in the cells, gradually return to mild hyper- 
plasia and altimately to a normal condition. 


One interesting aspect of the epidemiological 
work in Linxian has been the discovery of the marked 
prevalence of cancer of the pharyngoesophagus in 
domestic fowl in the high-risk areas, and then also 
in a low-risk area where domestic fowl were raised 
by families who had migrated from the high- to 
low-risk areas. The domestic fowl of the migrants 
are fed with the leftovers from household food. 


It is worth recalling the beginning of this aspect 
of the research, which may help to elucidate the eti- 
ological factors in human cases. The idea came to 
M.H. Li in 1970 that animals living in close proxim- 
ity with human beings under similar environmental 
factors should be investigated to see if they showed 
similar lesions of the upper digestive tract. School 
children of the commune were paid to catch rats for 
the study. Household rats were first caught and dis- 
sected, and the esophageal epithelium of some of 
them showed hyperplasia or metaplasia. It was pre- 
sumed that the older the rats the greater the possi- 
bilities of finding such lesions, but rats are mostly 
short-lived owing to infections and parasitic dis- 
eases. However, in Linxian, chickens, which run 
free in the courtyards and are fed remnants of 
household food, are raised for years, as long as they 
lay eggs, so it was a fortunate idea to turn from rats 
to chickens in the search for tumors of the upper di- 
gestive tract. 


The chickens which were moved from the high- 
risk areas to low-risk areas but were raised by high- 


risk area migrant families have provided the clues 
on the importance of diet in carcinogenesis of 
esophageal cancer. In the same low-risk area, the 
hens raised and fed by the local indigenous families 
showed no sign of the disease. 


Various steps have been described which lead to 
the identification of carcinogenic factors in the en- 
vironment, in the dietary habits, and in foods con- 
taminated with various fungi and with high con- 
tents of nitrates and nitrites, all of which interact in 
the stomach to form carcinogenic N-nitroso com- 
pounds. 


I mentioned that the carcinogenesis of one variety 
of cancer of a specific organ may involve different 
spectrums or combinations of factors. In relation to 
esophageal cancer, this assumption can be applied 
for example to the cases diagnosed at Ille-et-Vilaine 
in France, where the amount of ethanol consumed 
in the apple cider is quantitatively related to the 
prevalence of the disease. However, it has seen sug- 
gested that the origin of the apples used in making 
the cider is also suspected of being a factor. It is said 
that homemade apple cider is more directly related 
to the carcinogenicity of the drinks, and it is pre- 
sumed that this is because it is usually made from 
discarded apples, many of which are mere or less 
rotted. If this is true, then we could adwance the 
same hypothesis for the role of the moldy cornbread 
or the pickled vegetables of Linxian county. This as- 
sumption is backed by our investigators who exam- 
ined dietary habits in the high risk areas of China. 
In the three areas studied, nearly all the population 
consumes some variety of fermented foodstuffs. The 
fishermen in Nan’ao Island consume fermented fish 
paste and fish sauce, and in other areas salted 
vegetables are a major part of the diet. Further 
detailed investigations are needed to follow up on 
the clues first provided by the investigators of the 
Linxian county field unit. 


CLINICAL APPLICATIONS OF RESULTS OBTAINED 
IN THE FIELD RESEARCH UNIT 


Three of the many spin-offs from this investiga- 
tion are the following: 


First, the cytosmear examination is an efficient 
and reliable means of cytologic diagnosis of cancer 
of the esophagus at a very early stage. Chinese cy- 
tologists have now raised the diagnostic aeecuracy to 
a very high level, as checked by barium x-ray exam- 
ination, endoscopic examination and biepsy. The 
discovery of lesions predisposing to malignant evo- 
lution has provided opportunities for experimenting 
with drugs, eg, retinoid compounds and Chinese 
herbals, which might restore to normalcy the 
esophageal epithelium. 


Second, there is the understanding of the natural 
evolution of the disease in time and in space, ie, the 
various stages from hyperplasia, metaplasia to can- 
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TABLE 1. TMN CLASSIFICATION OF GROUP 1 PATIENTS 


> 
SSII 


Stage No. Patients % 
I 8 0.5 
II 304 18.5 
Ill 1,188 72.3 
IV 144 8.8 


cer in situ and invasive cancer, and the progress of 
these stages in months and years. Also these is new 
understanding of the distribution of the lesions, ie, 
multifocal lesions separated by a stretch o! normal 
mucosa, with early pathological changes of the mu- 
cosa (hyperplasia, metaplasia or cancer im situ) at 
the edge of the actual carcinomatous lesion. The 
above findings are in accordance with the now gen- 
erally acknowledged concept of malignan! growth 
in an organ through the process called “suriace can- 
cerization.” 


Third, the mass screening carried out among the 
population in high-risk areas not only has provided 
data on the relation of age to incidence and other 
factors, but also has resulted in the fortumate dis- 
covery of many cases at such an early stage (mostly 
asymptomatic or with very mild symptoms, that the 
5-year survival rate of operated cases can reach 
85% . 


Until the time when effective prophylactic meas- 
ures result in prevention or marked diminution in 
the incidence of esophageal cancer, the present ap- 
proach to reduce the mortality rate of this disease is 
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detection, diagnosis and resection of the lesion at its 
earliest stages. We have very convincing statistics in 
relat en to postoperative survival rates in two dis- 
tinct groups of patients treated by our surgical staff 
under the direction of K. C. Huang. One group are 
1,64= patients who were seen in our Peking hospital 
betwueen 1959 and 1979, with a diagnosis of esoph- 
agea cancer, judged operable, and then admitted 
for t-eatment (Table 1). The other group were 237 
patients who in the course of mass screening 
(1964-1979) in the high-risk area of Linxian were 
diagaosed as having esophageal cancer in its very 
early stages (stage I, T; NoMo) and then were treated 
surgically. The 5-year survival rate for the first 
grow of patients is 30.3% (296/976) while for the 
secead group (early cases) it is 85.9% (110/128). 


I wpe the account I have given of the signifi- 
canc= of working in a high-risk area to search for 
clues in human carcinogenesis helps us better un- 
derstand the complexity of the problem. Yet in the 
com xexity of so many pathways leading to the last 
stage namely the condition of malignant change, 
there is maybe that one ultimate path to which all 
otha- pathways have to converge. May we hope to 
find that one last unique path leading to malignan- 
cy. The present policy of prophylaxis is to try to 
bloex< each of the known initial pathways. Efforts 
could be rewarding if we could also find means of 
blocxng the last path leading to malignancy. Then 
prev=ntion of cancer in the midst of our modern en- 
vireament and in our modern habits of lifestyle 
couls be a reality. 


PLASTIC SURGERY OF THE “GING FACE 


“Plastic Surgery of the Aging Face,” the biannual swmposium of the Amemcan Academy of Facial Plastic and Reconstructive Surgery, 
will be held Jan. 30-Feb. 2, 1982, in Birmingham, Alabama. For registrationcetails write: E. Gaylon McCollough, MD, Director, Aging 


Face Symposium, 1516 South 20th St., Birmingham, AL 35202. 
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CONGENITAL TRACHEAL STENOSIS 


BRUCE BENJAMIN, FRACS 


JOHN PITKIN, FRACS, FRCS 
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Twenty-one cases of congenital tracheal stenosis seea at the Royal Alexandra Hospital for Children 1971 through 1980 were reviewed 
with regard to the clinical features, associated anomalies, endoscopic findings and radiological evaluation. Congenital tracheal stenosis 
was usually a serious problem often associated with othermajor anomalies of the respiratory tract, esophagus, or skeleton. There was no set 
pattern of presentation. The presenting features included: persistent wheeze or stridor, atypical “respiratory distress,” and atypial “croup” 
or “bronchiolitis.” Documentation of the nature and extent of the stenosis by endoscopy and, if necessary, tracheobronchogram was impor- 
tant for prognosis and to direct treatment. Congenital tracheal stenosis must be considered in infants who present with atypical respiratory 
tract obstruction, especially where there is an H-type tracheoesophageal fistula, pulmonary hypoplasia or skeletal abnormalities such as 


hemivertebrae or a thumb abnormality. 


INTRODUCTION 


Upper airways obstruction due to congenital ano- 
malies has been known for many years. The first 
reports of congenital tracheal stenosis were of 
autopsy findings. Later larger series were reviewed, 
notably that of Holinger et al' demonstrating not 
only the relative incidence of congenital tracheal 
stenosis but also the clinical features, necessary in- 
vestigations and available treatment. 


In recent years there have been significant ad- 
vances in evaluation of the pediatric respiratory 
tract, notably safer, more versatile techniques of 
anesthesia; closer cooperation between the endo- 
scopist and the pediatrician; miniaturization of en- 
doscopes and high quality fiberoptic systems; im- 
proved radiological modalities including arteriog- 
raphy and computerized scanning; use of the Hop- 
kins rigid telescopes and ancillary equipment for 
routine endoscopic photography. 


It is now possible to carefully evaluate, photo- 
graphically document, and record examples of 
uncommon or unusual conditions for comparative 
study.’ 


Congenital stenosis of the trachea has been be- 
lieved to be very rare. In 1941 Wolman?’ wrote, 
“The lesion receives meagre comment or no men- 
tion at all in well known text books of otolaryn- 
gology and pediatrics and the number of cases on 
record is small.” This statement remains true today. 


This paper is based on our experience with 21 
cases seen over a 10-year period, 1971 through 
1980, at the Royal A-exandra Hospital for Children, 
Sydney, a major pediatric hospital of 350 beds with 
approximately 7,000 surgical admissions per vear. 


MATERIALS AND METHODS 


All cases of congenital tracheal stenosis recognized elinically or 
at postmortem between 1971 and 1980 were reviewed from the 
hospital records, the endoscopic findings, and radiological 
studies. We have carefully and deliberately excluded cases of ac- 
quired tracheal stenosis; congenital subglottic stenosis; bronchial 
stenosis; tracheomalacia, whether primary or secondary (eg, due 
to a vascular ring); tracheal compression from external! causes and 
membranous or localized tracheal webs. 


All patients except the neonate who died at 21 hours had en- 
doscopic examination, usually with photography. Seventeen of 21 
patients also had contrast tracheobronchography. The endoscopic 
examinations were under carefully controlled conditions of gener- 
al anesthesia using the Storz equipment with Hopkins telescopes 
and the Storz endocamera for photographic documentation (Fig. 
1). In those cases where contrast tracheobronchography was per- 
formed it was always preceded by endoscopy with extreme care 
and every precaution to ensure against the potential complica- 
tions. A minimal amount of contrast material was selectively 
placed in the tracheobronchial tree with radiological control us- 
ing the image intensifier. 


All patients in this study were proven beyond doubt to have 
congenital tracheal stenosis as judged by one or more of the 
following criteria: endoscopic evaluation; tracheobrenchogram 
(Fig. 2); exposure of the trachea at thoracotomy in an attempt to 
surgically correct the deformity, or by postmortem examination. 
Congenital tracheal stenosis was defined as an intrinsic narrowing 
of the tracheal lumen, the walls of which are rigid and aondisten- 
sible. The malformation may affect part or all of the trachea and 
often extends into the main bronchi. The tracheal car-ilages are 
smaller than normal, firm and nonpliable and lack the normal 
structure of the posterior membranous trachea’ (Fig. ©). 


RESULTS 
During the 10-year period, 1971 to 1989, there 


were 21] cases of congenital tracheal stenosis. 


Age. The age of presentation was from birth to six 
years. Four patients presented at birth, another 7 
patients by 2 months of age and a further 8 by 12 
months of age. Of the remaining two patients, one 
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Fig. 1. (Case 6) Xeroradiogram with appearanee of 
“stove-pipe” trachea. Insert) Circular, ‘complete travheal 
cartilages seen in the endoscopic view. 


jyresented at 3'/, years and the other at six years of 
I } a 
age. 


Sex. Eleven of the patients were females and ten 
were males. 


Presentation. The mode of presentation B sum- 
marized in Table 1 according to the major present- 





Fig. 2. (Case 17) Tracheal bronchus and lower tracheal 
stenosis. Note the equal lengths of the right and left main 
bronchus. 





Fg. 3. (Case 15) Cross section of surgically resected seg- 
mertal stenosis. The tracheal cartilage is virtually com- 
plete. 


ing clinical feature although there were often multi- 
ple ‘eatures. In no case was the correct diagnosis 
made immediately. 


There was often an undue delay in diagnosis be- 
cause the clinician did not consider the possibility of 
congenital tracheal stenosis. The period of delay 
before endoscopic proof varied from two days to 
nearly five years. The patient diagnosed at six years 
of age had had symptoms since infancy. 


Besides the major presenting clinical features 
listed in Table 1 other prominent features were 
brorchiolitis (always atypical and persistent); bron- 
chitis, cough; “near miss” sudden infant death syn- 
drome; respiratory distress, and barking cough. 


Four of the patients had repeated croup, often 
associated with cyanotic attacks. The croup was 
atypical in that it recurred often, persisted longer 
than -he usual two or three days, failed to respond 
to the usual treatment, and obviously had some un- 
derly ng anatomical cause. 


Scme patients presented with another anomaly 
often in some other organ system, eg, tracheo- 
esophageal fistula or congenital heart disease. 


It s noteworthy that in six patients intubation 
and ventilation for respiratory failure was required. 


TABLE 1. MODE OF PRESENTATION 
No. Patients 





Clinical Features 


Tot! respiratory obstruction at birth 
Res»iratory distress syndrome 
Res»iratory distress 

Stridor since birth 

Stridor developing later 

Whz-eze since birth 

Wh-eze developing later 

Cyanotic attacks 

Fa bre to thrive 

Elective tracheotomy 


— — — — POD A UW mm 
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TABLE 2. DETAILS OF EACH CASE (N = 21) 


Case 


l 


11 


Presenting 


Age 


2 mo 


2 mo 


3 wk 


2 mo 


Birth 


l yr 


Birth 


Birth 


10 mo 


Birth 


7 mo 


Clinical Features 


M Wheezy since birth, moist 


cough. Chest x-ray—right 
upper lobe (CXR-RUL) 
consolidation. 


Stridor since birth, failure 
to thrive, systolic murmur. 


Moist cough, tachypnea. 
Crepitations. CXR-RUL 
consolidation. 


Stridor since birth, devel- 
oped upper respiratory 
tract infection (URTI) 
and cough. 


Severe respiratory distress, 
cyanosis, scaphoid abdo- 
men. CXR - right dia- 
phragmatic hernia. 


Stridor since birth, recur- 
rent attacks of croup. 


Respiratory distress syndrome 
(RDS) of the newborn 
with deterioration. CXR— 
hyperinflated right lung. 


RDS of the newborn. CXR- 
RUL consolidation, left 
upper lobe (LUL) collapse, 
P accessory diaphragm. 


Stridor since birth, repeated 
cyanotic episodes. 


Cyanosed at birth, could 
not be intubated. 


3 episodes of croup, stri- 
dor, wheeze, barking 
cough, respiratory distress. 


Associated 
Anomalies 


H-type tracheoesophageal 
fistula (TEF). Congenital 
esophageal stenosis. Dex- 
trocardia. Patent ductus 

anteriosus (PDA). 


Ventricular septal defect 
(VSD). 


Vulvalectopic anus. Hypo- 
lastic left thumb. Bi- 
ateral proximal radioul- 
nar synostosis. Esophageal 

reflux. 


None. 


A-V communis. Coarctation 
of aorta. Rt Bochdalek 
hernia. Absent left thumb. 
Hemivertebra L5. 


Subglottic stenosis. 


Tracheobronchomalacia. 
Emphysematous_ unilobar 
right lung. 


Accessory diaphragm and 
eventration. Hemiverte- 
brae T11-T12. Hypoplas- 
tic right lung. 


Innominate artery com- 
pression. 


Laryngeal hypoplasia. H- 
type TEF. Hypoplastic 
right thumb. 


Hypoplastic lungs. 


Progress 


Initially treated for pneumonia 
and cardiac failure. Esophageal 
stenosis dilated, developed re- 
piratory distress. Gastrostomy, 


H - fistula ligated, discharged well. 


Medical treatment for VSD. Thriv- 
ing, has stridor but no respira- 
tory distress, alive and well. 


Pneumonia treated, no further 
potato problems, alive and 
well. 


Symptomatic treatment for URTIs, 
repeated hospital admission for 
‘ee gr eed in early child- 

ood. Alive and well; improve- 
ment in respiratory symptoms. 


Intubation, ventilation, repair of 
hernia, continuing deterioration. 
Died aged 21 hr. No endoscopy. 
Postmortem (PM) diagnosis. 


Symptomatic treatment still has 
stridor but no respiratory prob- 
lems. Alive and well. 


Progressive respiratory distress, ra- 
pid deterioration following bron- 
choscopy, no bronchogram. 
Right pneumonectomy - satis- 
factory postop, discharged well. 


Required intermittent positive 
pressure ventilation (IPPV) for 
4 days. Discharged well. 


Tracheopexy at 11 months of age, 
still has recurrent cough and stri- 
dor but no further cyanotic at- 
tacks. 


Tracheostomy at birth. Tracheal 
stenosis and H-fistula diagnosed. 
No bronchogram. Gastrostomy 
and ligation of fistula, repeated 
chest infections. Died. 


Investigated following recurrent 
croup. Narrowed trachea below 
cords; tracheostomy, rapid de- 
terioration. Died age 7 mo. 


Tracheo- 
Bronchial 
Anatom 


P Ni 


67 








CONGENITAL TRACHEAL © “ENOSIS 367 
TABLE 2. CONTINUED 
Tracheo- 
Presenting Associated Bronchial 
Case Age Sex Clinical Features Anomalies Progress Anatomy 
12 l mo F Mucusy at birth. Developed TEF with i ie lala Primary repair of TEF, investi- È 
cough and tachypnea af- sia. Tracheoma i gated postop. Respiratory distress 
ter primary repair. and stenosis diagnosed. Alive 
and well. 
13 5 wk M 2nd twin. Repeated attacks Tracheal web. Treated with antibiotics and oxy- 
of cough, stridor, tachr- gen. Deteriorated, required ven- 
pnea, increasing in sever- tilation. Severe stenosis diag- 
ity. nosed, active management 
stopped. Died age 7 mo. 
14 2d F Tachypnea and cyanosis re- H-type TEF. Trac.-omal- H-fistula ligated age 7 days. Post- 
quiring ventilation. acia. Unilobar hræ, em- op v a attacks - ventilated, 
physema left lun = tracheal stenosis “dilated.” Tra- 
cheal resection age 20 wk. Could 
not be extubated. Died age 
32 wk. 
15 4 mo F Repeated cyanotic attacks. Pulmonary artery Ing at Intubation and ventilation, event- 7 
“Near miss” sudden im- ually tracheal stenosis diagnosed. 
fant death syndrome. Tracheal resection age 4 mo. Re- 
(SIDS), no stridor. stenosis. Died age 6 mo. 
Sin 
16 3yr9mo M Failed intubation for ele Short left femur. Hyæplastic Tracheostomy prior to proposed 
tive orthopedic surgery. mandible. Cervica hemi- surgery. Postop respiratory prob- 
vertebrae. lems, bronchoscopy via stoma - 
tracheal stenosis. No broncho- 
gram. Thoracotomy; inoperable, 
deteriorated, died. Von 
17 9 mo M Failure to thrive, stridor since Laryngomalacia. 3abglot- Initial chest problems improved i 
birth, cyanotic episodes. tic stenosis. Extra aepatic with physiotherapy. No major 
CXR — bilateral patchy portal hypertens=n. respiratory problems despite re- 
opacities. peated anesthetics for mesocaval 
and splenorenal shunts. 
a 
18 6 yr F Recurrent wheeze and cougiy Hypoplastic right hoz. Recurrent bronchiolitis as a young "7 
from 18 mo. CXR - hypo- child treated symptomatically. 
plastic right lung. pape with age. Alive and 
well. 
7 
19 10 mo M Recurrent croup. Laryngomalacia. No major respiratory problems, ; 
croup treated with humidifica- 
tion. No bronchogram. Alive 
and well. 
20 5 mo F Wheezing since birth, re- Hypoplastic right how. Diagnosed as bronchiolitis, deter- 
iratory distress, ? bronchi- iorated, ventilated. Failure to 
olitis. Persistent right up- extubate after 4 wk, bronchoscopy 
per lobe (RUL) collapse. showed stenosis. Died aged 7 mo. 
21 3 mo F 3wktachypnea and stridor. Agenesis left lung. Initial treatment for pneumonia. 
CXR — left lung hypo- Tracheal stenosis inoperable. 
plasia. Continued deterioration. Died 
4 mo. j| 


368 BENJAMIN ET AL 





Fig. 4. (Case 21) Congenital stenosis of the trachea with 
agenesis of the left _ung. 


Introduction of an endotracheal tube often com- 
pounded the problem as the distal tip of the tube 
formed granulations where it traumatized the up- 
per aspect of the stenosis, leading to further 
obstruction. 


Table 2 summarizes the information about each 
individual case. 


Associated Anomalies. There were only two pa- 
tients in whom no other congenital anomalies were 
detected. In the other 19 patients the anomalies can 
be conveniently divided into a group where the 
respiratory tract and esophagus were involved and 
another group where other organ systems were in- 
volved. 


Associated anomalies of the respiratory tract and 
esophagus were often found. The commonest asso- 
ciation was with bronchial stenosis, only three cases 
having congenital tracheal stenosis without bron- 
chial stenosis. A tracheal bronchus (Fig. 2) was seen 
in four cases. Hypoplasia of one or both lungs (Fig. 
4) was seen in five cases and unilateral agenesis in 
one. 


There was an association with H-type tracheo- 
esophageal fistula in three cases (Fig. 5). one of 
whom also had a congenital stenosis of the upper 
esophagus. 


Other anomalies included tracheomalacia, con- 
genital lobar emphysema, accessory diaphragm, di- 
aphragmatic hernia, tracheal web, laryngomala- 
cia, congenital subglottic stenosis, and one patient 
had laryngeal hypoplasia with complete absence of 
the glottic and subglottic airway. 


Three patients had congenital anomalies of the 





Fig. 5. (Case 1) Congenital stenosis of the lower trachea 
and main bronchi, the latter being of equal length. Ap- 
pearance of a pouch at the lower end of the normal upper 
tracheal segment. There was as associated cervical 
H-fistula. 


heart and great vessels, these being atrioventricular 
communis and coarctation of the aorta, dextrocar- 
dia with patent ductus arteriosis and ventricular 
septal defect. 


Congenital anomalies commonly involved the 
skeleton and included hemivertebrae in either the 
cervical, thoracic or lumbar regions, hypoplasia or 
absence of the thumb, proximal radioulnar synosto- 
sis, widened pedicles of L2-4 vertebrae and hypo- 
plastic mandible. 


Other abnormalities included vulval ectopic anus 
and extrahepatic portal hypertension. 


Outcome. Of the 21 patients 12 are alive, most of 
them living satisfactorily with their disease except 
for repeated respiratory infections which usually 
present as recurrent bronchitis or croup. 


One infant with multiple abnormalities, includ- 
ing severe congenital heart disease, died at 21 hours 
of age (case 5). 


Seven patients died before seven months of age, 
usually due to respiratory failure directly as a result 
of their congenital tracheal and bronchial stenosis. 
In two of the five cases (case 14 and case 15) 
thoracotomy was performed and the localized seg- 
ment of stenosis resected (Figs. 3 and 6). Although 
the resection itself was successful both patients died 
eventually due to the severe nature of the associated 
bronchial stenosis. 


The patient who died at three years and nine 
months (case 16) was to have planned repeated or- 
thopedic surgery but the inability to extend his cer- 
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Fig. 6. (Case 15) Diffuse stenosis of trachea and branchi. 
The ens “hour-glass” stenosis (arrow) was surgically 
resected (see Fig. 3) but the patient eventually died tue to 
the associated severe bronchial stenosis. 


vical region made endotracheal intubation nazard- 
ous. An elective tracheotomy was performed prior 
to the initial orthopedic operation but no bron- 
choscopy was performed and the congenital trache- 
al stenosis was recognized only some davs later 
when the tracheotomy tube began to cause gran- 
ulations and bleeding from the upper enc of the 
tracheal stenosis. At thoracotomy the trackea was 
widely exposed and a long, fixed, rigid, comgenital 
tracheal stenosis was found. 


DISCUSSION 


There are many congenital causes of respiratory 
tract obstruction but the clinical features are 
seldom diagnostic in themselves and it may be dif- 
ficult to distinguish pharyngeal and laryngeal 
disease from tracheal malformations. In the-evalua- 
tion of such airway obstruction investigation of the 
pharynx and larynx without examination of the 
tracheobronchial tree and, if necessary, of the 
esophagus, must be regarded as an incomplete ex- 
amination. This applies not only to radiological but 
also to endoscopic examination. 


In general, infants with congenital tracheal ano- 
malies may present with respiratory obstruction 
and stridor that may have an inspiratory and/or ex- 
piratory component. Although all the patents in 
this series had some form of respiratory obstruction 
there was no set pattern to the presentation. Some 
newborn infants were regarded as having ~espira- 
tory distress syndrome (Table 1), others hac stridor 


or a persistent wheeze, there were cyanotic attacks, 
failume to thrive, attacks of atypical bronchiolitis 
and rany were merely labelled respiratory distress. 
On futher analysis, the latter term was found to in- 
clude bronchiolitis, cyanotic attacks, tachypnea 
and ceugh. 


It 5 quite clear then that the neonatologist, 
pedictrician and laryngologist must be aware of the 
cond taon of congenital tracheal stenosis, alert to its 
clinical manifestations and prepared to entertain 
the diagnosis in atypical cases. 


Enoscopic examination is mandatory to make 
the diagnosis, to plan treatment, evaluate the 
presee of other associated anomalies and to assist 
in the assessment of the prognosis. Endoscopic ex- 
amination, even by an experienced laryngologist, 
with expert pediatric anesthesiology, is fraught 
with anger in these cases. The drying effect of the 
premedication and the anesthetic gases, the trauma 
of the passage of the endoscopic instruments and the 
hand img of small newborn babies can easily worsen 
an ameady critical situation. In most cases the 
smallest 2.5 mm Storz bronchoscope (4 mm true ex- 
terna diameter) can be passed only into the upper 
trach2a proximal to the stenosis. Even the smallest 
Hop as rigid fiberoptic telescope, which is 2.8 mm 
in ex ernal diameter, is difficult and usually im- 
possi æ to pass to make a satisfactory evaluation of 
the lcwer trachea and bronchi. Contrast tracheo- 
bronct ography is necessary to evaluate the tracheal 
steno-s, the main bronchi and the segmental bron- 


chi. 


If endoscopic assessment is potentially dangerous 
then ae performance of a contrast tracheobroncho- 
gram is even more so and the decision to go ahead 
with this examination must be critically evaluated 
in eaea individual case. Where possible it should be 
perfo-med when the child is in remission and only 
in exceptional, life-threatening circumstances 
shouE it be performed during an exacerbation. A 
carefuly performed contrast tracheobronchogram 
with meticulous attention to detail, extreme care 
with <nesthesia and expert postoperative intensive 
care will clearly demonstrate the nature and extent 
of the problem. This information is absolutely es- 
sentie. in any patient where surgical correction of 
the abnormality is being considered. 


In most cases conservative management will be 
indiceted, consisting of regular physiotherapy, in- 
tensifxed when there is an intercurrent respiratory 
infect.en, humidification of the inspired air, ad- 
minis*ation of antibiotics when appropriate, and 
every 4ffort made to avoid the use of an endotrache- 
al tue. The use of corticosteroids in an attempt to 
minim ze mucosal edema and inflammatory swell- 
ing remains in dispute. Admission to the hospital for 
observation and treatment is occasionally neces- 
sary. 
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In general the younger the age at presentation the 
worse the outcome, but this is by no means always 
so. Besides the presence of other severe life- 
threatening anomalies such as untreatable con- 
genital heart disease, children with normal lung 
tissue have a better prognosis. 


Endotracheal intubation to assist ventilation in 
respiratory failure when the congenital stenosis has 
neither been recognized nor assessed will almost 
always make the situation worse. The tip of the en- 
dotracheal tube may rest on the upper aspect of the 
stenosis, create granulation tissue and bleeding, and 
this situation is further compounded by the trauma 
of a suction tip during “routine pulmonary suction 
toilet.” In recognized cases it is our practice, where 
assisted ventilation is absolutely necessary, to 
carefully position the distal end of the endotracheal 
tube in what is left of the normal trachea at least 1 
cm above the proximal end of the tracheal stenosis. 
Passage of a suction catheter is kept to an absolute 
minimum. Every effort is directed toward main- 
taining optimum humidity of the inspired air and to 
removing the endotracheal tube as soon as possible. 


Although segmental surgical resection must rare- 
ly be feasible, the possibility should always be con- 
sidered. In our series three cases were submitted to 
thoracotomy. In case 16 a tracheobronchogram had 
not been performed, and at surgery a rigid “stove- 
pipe” trachea with completely closed rings with 
thick rigid walls was found occupying the entire 
lower part of the trachea and no form of surgery 
was possible. In two other cases with severe mani- 
festations (cases 14 and 15), characterized by life- 
threatening respiratory infections and recurrent 
cyanotic attacks, segmental resection of the nar- 
rowest part of the tracheal stenosis was successfully 
performed by one of us (D.H.C.). Previous reports 
of successful surgery include that of Cantrell and 
Guild,* Mansfield® and Harrison et al.” Unfor- 
tunately each of our latter two patients eventually 
died of respiratory failure directly due to the very 
diminished caliber of the right and left main bron- 
chi. 


In three of our cases congenital stenosis of the 
tracheobronchial tree was associated with an 
H-type tracheoesophageal fistula, among other 
associated congenital anomalies.? 


The association with hypoplasia of the lungs is 
common and is best assessed clinically and by 
radiological studies. 


Cohen and Landing? in 1976 reported the associ- 
ation of pulmonary artery sling with tracheostenosis 
and bronchial abnormalities but we have been able 
to detect the association only once in our series. We 
have, of course, seen pulmonary sling in other pa- 
tients but it is surprising that we have not detected 
it more often in the patients reported here. 


Because of the wide variety of patterns of trache- 





Fig. 7. (Case 4) Congenital stenosis of the trachea and 
main bronchi with a right tracheal bronchus. Note the 
short left main bronchus. The narrowest part of the tra- 
chea measures less than 2 mm. 


al and bronchial stenosis seen we have not at- 
tempted a classification as we found it more useful 
to assess each patient’s problems separately. 


We have been surprised that some children seem 
to live reasonably happily with their disease — the 
stenosis apparently “growing” with the child — but 
we cannot substantiate this hypothesis. In those 
cases where a tracheal bronchus is present it seems 
possible that respiratory exchange through that 
bronchus to normal lung may partially aecount for 
the child’s apparently good respiratory function 
(Fig. 7). 

A final and positive diagnosis can be made only at 
endoscopic examination, and the association with 
other abnormalities of the respiratory tract and 
esophagus must be carefully and thoroughly evalu- 
ated. There may be more than one cause of respira- 
tory obstruction, ranging in our series from total 
absence of the glottic and subglottic airway to com- 
moner conditions such as laryngomalacia. 


CONCLUSIONS 


Although uncommon, congenital tracheal steno- 
sis can no longer be considered a very rare anomaly. 
It is a serious major congenital abnormality itself 
and is very often associated with other major or 
minor abnormalities. Diagnosis depends upon 
awareness of the possibility, heightened in the 
presence of skeletal abnormalities, especially 
hemivertebrae or an abnormality of the thumb. 
There is a consistent association with H-type 
tracheoesophageal fistula. 
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The diagnosis must be considered and appropri- 
ate investigations undertaken for atypieal re- 
spiratory distress syndrome, unexplained stridor or 
wheezing, persistent respiratory distress and 
obstructive cyanotic attacks. The investigations 
themselves carry certain dangers and should be per- 
formed only in a large pediatric hospital wħere all 
the necessary items of equipment together with ex- 
perienced anesthetic personnel and fully staffed 
postoperative and intensive care wards are availa- 
ble for maximum patient safety. 


Conservative treatment is sufficient for most of 
those who survive infancy. In some cases correction 
of associated anomalies, eg, an H-type tracheo- 


esop egeal fistula, will improve the outlook. There 
appeezs to be little place for surgical resection of the 
steno ss, the limiting factors being the length of the 
stenosis, the degree of accompanying bronchial sten- 
osis azd the associated abnormalities of other major 
orgars. 


Documentation of the nature and extent of the 
steno s is important for prognosis, for therapy of 
intercurrent respiratory infections, for considera- 
tion fr segmental resection and lastly, of vital im- 
portance, to allow special precautions to be taken 
shoul the child require general anesthesia for some 
reaso7 in the future. 
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SURGICAL REPAIR IN HYPOPHARYNGEAL AND CERVICAL 
ESOPHAGEAL CANCER 


ANALYSIS OF 162 PATIENTS 


D. F. N. HARRISON, MD, MS 


LONDON, ENGLAND 


Most recent publications dealing with surgical repair following pharyngolaryngectomy or pharyngolaryngoesophagectomy appear to 
be based upon limited surgical experience of the most differing operations now available. An up to date review of 162 patients, including 68 
gastric “pull up” proceedures, has the advantage of being a personal series as well as a critical evaluation of each technique based upon per- 


sonal evaluation. 


The anatomical boundaries of the hypopharynx 
are generally agreed upon as are its divisions into 
pyriform fossae, posterior pharyngeal wall and 
postcricoid regions. Although convenient for clini- 
cal classification these regions are of course in con- 
tinuity with each other, probably all being exposed 
to those factors which make up common denomina- 
tors in the etiology of most hypopharyngeal cancers. 
Although the incidence of squamous careinoma 
within these three regions varies throughout the 
world, pyriform fossae remaining the commonest 
site, survival figures for the whole hypopharynx re- 
main embarrassingly low. This is due to the failure 
to control local disease and regional and systemic 
metastases — problems common to many cancers. 
Despite the enthusiasm and technical advantages of 
present day radiotherapists and the reemergence of 
chemotherapy, surgery remains the most effective 
therapy, although it is frequently associated with 
other modalities in an attempt to combat what may 
well be a multifocal disease. This paper is mot in- 
tended to reexamine in detail the whole problem of 
hypopharyngeal cancer although the time may well 
be ripe for such a worthwhile exercise. However, 
between 1965 and 1980 I have personally operated 
upon 162 patients with squamous carcinoma of the 
hypopharynx and although on previous occasions!” 
various aspects of this condition have been exam- 
ined in some detail, little has been said regarding 
the problems in selecting the most appropriate 
surgical techniques or the causes of failure in rela- 
tionship to surgical pathology. 


DeSanto and Carpenter? have most authorita- 
tively reviewed the many varied and often imagin- 
ative surgical procedures at present used to rebuild 
a functional pharynx and esophagus following cir- 
cumferentia! resection. In skilled, experienced 
hands most of these procedures are reasonably safe 
and effective, but in determining their success in 
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eradicating cancer we meet the same inadequacies 
encountered with the larynx* and the upper jaw:° 
classification. 


Difficulties of describing a three-dimensional dis- 
ease in two-dimensional terms are inherent in all 
systems and on some occasions may be inconsequen- 
tial. Within the hypopharynx, spread from region 
to region is both easy and rapid. Site of origin may 
be largely guesswork and as Stell et alt have empha- 
sized, none of the existing systems of classification 
takes note of extension into the cervical esophagus 
or involvement outside the hypopharynx to involve 
recurrent laryngeal nerves. Invasion of the laryn- 
geal framework may be less important since the 
larynx is removed in the majority of surgical proce- 
dures. Stell has also emphasized the poor prognostic 
significance of tumors longer than 5 cm although 
not indicating why this should be so. 


The present inadequacies and inherent deficien- 
cies of classification for hypopharyngeal cancer 
make detailed comparisons between published sta- 
tistics virtually meaningless unless supported by 
pathological studies. Most survival rates are so poor 
that fortunately these undefined errors are relative- 
ly unimportant. 


INDICATIONS FOR SURGERY 


The factors usually considered in determining 
treatment modality or relative timing ef combina- 
tion therapy are not dissimilar to those met in other 
sites with the head and neck. Patient fitness, tumor 
extent including presence of regional metastases 
and, perhaps less easily defined, the surgeon's per- 
sonal attitude and experience in reconstructive 
techniques are all relevant. 


The proven extent of on average 10 mm of sub- 
mucosal extension superiorly in 50 surgical speci- 


Presented at the meeting of the American Broncho-Esophagological Association, Vancouver, British Columbia, May 11-12, 1981. 
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Fig. 1. Radiograph showing narrowing of skin pair 
secondary to pharyngolaryngectomy. 


mens? removed by pharyngolaryngectomy and sub- 
stantiated by examination of a more recer larger 
group of hypopharyngeal cancers suggests that 
many “early” neoplasms of pyriform fossae or pos- 
terior pharyngeal wall are in fact extensive. Clinical 
evaluation of regional lymph node metastasis in 
many individuals is no easier in the upper deep cer- 
vical region than in the inaccessible paratracheal 
chain. A more rewarding and practical philosophy 
may be to treat all hypopharyngeal neoplasms as 
advanced irrespective of the erroneous optimism 
which may be inherent in classification systems. 
These factors make the determination of those few 
patients histopathologically suitable for censerva- 
tion surgery incredibly difficult. As in othe- sites it 
may be that these are the only patients who should 
receive primary radiotherapy. With this esception 
there remain three excisional procedures: partial 
pharyngectomy with laryngectomy, total pharyn- 
golaryngectomy and pharyngolaryngoesophagec- 
tomy. Site of origin is probably less important than 
accurate evaluation of tumor extent when planning 
excisional surgery. My experience with thes2 opera- 
tions will therefore be discussed in relatioa to pa- 
tient selection, technical developments amd reasons 
for failure rather than presentation of possilely quite 
erroneous “staged” cure rates. Covering a period of 
15 years, developments in technical expertise and 
better understanding of the natural history of this 
disease has obviously influenced my personal atti- 
tude. It is my philosophy for the 1980s which will 
be discussed. 


PARTIAL PHARYNGECTOMY WITH LARYNGECTOMY 
(42 PATIENTS) 


Mucosal abnormalities are common in patients 
with cancer of the pharyngeal walls, many of whom 


are heavy smokers and regular users of alcohol. 
Total removal of all potentially altered mucosa is 
impossible but resection should be as wide as possi- 
ble with frozen section check of the margins.’ If pri- 
mary pharyngeal repair is to be associated with ade- 
quate surgical excision then the primary lesion must 
invamiably be sited within the pyriform fossa. My 
pathelogical studies of such tumors has confirmed, 
as did Kirchner,’ that invasion of thyroid cartilage 
and extension superiorly along the lateral wall 
markedly influences prognosis because of the diffi- 
culty of adequate excision. Pyriform apex invasion 
is of less significance since partial pharyngectomy 
has aways been associated with total laryngectomy 
in mown Cases. 


Al most by definition patients treated by this pro- 
cedu-e initially had relatively small tumors many of 
whic received curative doses of radiotherapy. In- 
evitaply this reduced the tumor size and since no ef- 
fectize means of tattooing is available in the hypo- 
pharynx, delineation of tumor margins is imprecise. 
Frozen section control is unreliable and inadequate 
resection occurred in 38% of patients. More radical 
excison leaves insufficient mucosa for adequate 
repar and particularly after radiotherapy, fistuli- 
zation and stricture formation is common (Fig. 1). 


Oaly 62% of patients showing microscopically 
posifive malignant tissue within 5 mm of the mar- 
gins of resection actually developed local recur- 
rences. However, all had previously received radio- 
therapy and this figure undoubtedly reflects such 
factcrs as difficulty of interpretation, time delay 
between surgery and preoperative radiotherapy, 
and -he inhibiting effect of postoperative fibrosis on 
tumer growth. Search of the literature makes it dif- 
ficcE to evaluate the experiences and thoughts of 
oth=-s on the role of partial pharyngectomy and 
total laryngectomy. Many writers do not clearly 
sepacate this operation from the more radical phar- 
yngc laryngectomy. 


Donald et al? talk of a 3 cm margin of excision 
whieh must be difficult to achieve with any pyri- 
form fossa tumor. They continue by commenting 
that only 2 out of 33 patients with pyriform fossa 
carc noma had a margin of 2 mm. Many of their pa- 
tien's were said to be T3/T4 and no figure for local 
recurrence is given. 


Ir view of the functional problems associated 
witt tight pharyngeal repair and the technical limi- 
taticns of excision, this operation is now restricted 
to temors localized to the pyriform fossa presenting 
witt operable neck metastases or to small tumors 
recurring after curative radiotherapy. 


PHA 2YNGOLARYNGECTOMY (52 PATIENTS) 
P-oviding that the tumor is confined within the 


mucosal. muscular or cartilaginous wall of the hy- 
popnarynx, and conveniently ignoring the ever- 
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Fig. 2. Whole ogan serial section through pharyngolar- 
yngectomy specimen showing inferior limitation of exci- 
sion and involved >aratracheal nodes (arrow). 


present problem of regional and systemic metasta- 
sis, local control should be obtained by adequate ex- 
cision above and below the neoplasm. Since excision 
is limited superio:ly and laterally at a level bounded 
by the lower pol- of the tonsil and the soft palate, 
many tumors are in effect not resectable. Irrespec- 
tive of the means used to close the pharyngoesopha- 
geal defect — ard considerable progress has been 
made to achieve this objective — local recurrence is 
inevitable in a proportion of all large hypopharyn- 
geal tumors. Infrior resection of the esophagus 
varies in extent in individual patients. The length of 
the cervical esophagus is not constant and the lower 
the resection the more difficult subsequent repair 
and possibly the greater the risk of leaving local 
disease or paratracheal node metastasis (Fig. 2). 


It is doubtful if preoperative radiotherapy effects 
sterilization of these margins. Neither is it pessible 
to diagnose extersion of the tumor outside these 
containing walls with certainty. Consequently, po- 
tentially curable p atients will be found to have non- 
resectable tumors.although removal of prevertebral 
fascia is feasible. 


Development & single-stage repair, even in post- 
irradiation cases. using a deltopectoral flap and 
now more effectively musculocutaneous flaps with 





Fig. 3. Pharyngostome with prolapsed tongue after 
pharyngolaryngectomy and transposition of “trotters” lat- 
erally based skin flap (arrow). In cases with doubtful mar- 
gins of excision repair should be defined. 


surface skin grafting, overcomes the intrinsic disad- 
vantages of multistage repair. However. even im- 
mediate closure of the operative defect is only sensi- 
ble if margins are clear — and in many instances 
they are not. 


My experience of 52 patients treated by pharyn- 
golaryngectomy includes not only the pre-“gastric 
pull-up” era but patients unsuitable or unfit for the 
more severe visceral interposition procedures. How- 
ever, some patients have superior extension of dis- 
ease within pharyngeal musculature or tongue base 
which makes effective marginal clearance difficult 
to obtain. In such cases the Wookey operation, leav- 
ing the patient with an open pharyngosteme and 
esophagostome, allows a more careful clinical and 
pathological appraisal of the superior margins. 
When all is shown to be clear, closure is effected 
with a split-skin-covered musculocutaneous flap 
(Fig. 3) with less risk of covering up residual 
disease. 


With tumors extending inferiorly into the cervi- 
cal esophagus, visceral interposition avoids the anx- 
ieties and difficulties of low resection and recon- 
struction. However, the technique of reconstruction 
in hypopharyngeal cancer is in itself not related to 
control of the neoplasm unless limitations in surgi- 
cal technique prevent adequate resection. 


Even in experienced hands. pharyngolaryngec- 
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TABLE 1. RESULTS OF SURGERY (N = 162. 


Pharyrgolaryn- 
goesoptagectomy 


Partial Pharyn- Pharyngolaryn- and Gastric 


golaryngectomy gectomy Anastomosis 
No. % No. % No. % 

Total 
patients 42 52 68 
Operative 
mortality 2 (5) 9 (17) 8 12.0) 
Operative 
morbidity 29 (69) 31 (59) 6 ~ 8.8) 
Positive 
margins 16 (38) 16 (31) 2 = 3.0) 
Local 
recurrence 10 (24) 14 (27) 2 ~ 3.0) 


tomy with or without primary repair carries.a mor- 
tality of possibly 20%‘ and in postirradiated pa- 
tients a morbidity rate which may be as àigh as 
60% . Many of these patients have extensive tumors, 
and suffer from other more generalized s=stemic 
conditions. 


The presence of metastatic disease in the »eck — 
a factor which has a markedly detrimental effect on 
prognosis in all hypopharyngeal cancers — in- 
creases morbidity rates by adding the need fer radi- 
cal neck surgery and must be considered when com- 
paring “raw” mortality, morbidity and salvege fig- 
ures. The high morbidity rate and poor functional 
results obtained by skin repair, irrespective of the 
many varied techniques used now, prevents ny car- 
rying out pharyngolaryngectomy unless prīmarily 
concerned with the upper limits of excision or 
where there is an early postcricoid carcinoma and a 
relatively long length of cervical esophagus. 


PHARYNGOLARYNGOESOPHAGECTOMY 
(68 PATIENTS) 

The ideal operation for any malignant tumor 
combines radical resection with restoration «ef func- 
tion in a single procedure. It is possible that remo- 
val of pharynx, larynx and esophagus with primary 
anastomosis of stomach to pharynx comes as «lose to 
this ideal as is possible. Providing that upper mar- 
gins are clear and that the tumor is confined within 
the pharyngoesophageal walls then further local 
disease can only develop in remaining pharyngeal 
mucosa — a reality in these high risk cases. P-evious 
radiotherapy does not affect the pharyngcgastric 
repair and only two patients had minor fistulae. 


Even when accompanied by radical neck dissection, 
skin necrosis is a rarity and exposed stomach can be 
skin-grafted. Good case selection should minimize 
risk 3f recurrence at the upper margin while manu- 
bria resection’? allows adequate resection of tra- 
chee preventing disease remaining at the tracheo- 
esopnageal junction. 


Hcwever, even with an experienced surgical 
team — and synchronous surgery reduces operating 
time to an average of four hours — this is a major 
procedure. The criteria for case selection can only 
be cetermined by those experienced with this 
techrique' and the operative mortality of 12% 
(Tab-e 1) covers any patient not leaving the hospi- 
tal. B includes the early hazardous period during 
techrique development and a more realistic figure, 
basec on the 23 patients operated upon during the 
past five years, would be 8.7%. In suitable patients 
this i a safe, effective, procedure but will not cure 
the ircurable. 


DISCUSSION 


Despite better understanding of the natural his- 
tory cf hypopharyngeal cancer and the considerable 
imprevements in reconstructive techniques, statisti- 
cal probability of cure is not likely to improve. 
Relat ve high rates of systemic metastases and a pro- 
pensi-y for regional metastasis limit prognosis, 
while late diagnosis and extension of tumor into in- 
accessible areas reduce likelihood of effective radi- 
cal excision. There is no real evidence that preoper- 
ative radiotherapy realistically improves prognosis 
althoigh it certainly increases morbidity rates. 
Wha: improvements there have been are difficult to 
place in perspective while systems of classification 
rema n obscure and confusing. 


Dwing the past 15 years my experience with 
these problems, both clinically and in the histopath- 
ologieal laboratory, has convinced me of the need 
for a rational approach based upon careful consid- 
eraticn of each patient. The need for preoperative 
or postoperative radiotherapy or radical neck dis- 
sectian combined with radical excision of primary 
tumor is the primary problem. Reconstructive tech- 
niques must be chosen according to the need of each 
patie at and the experience of the surgical team. On- 
ly in this way can all patients be given their best 
chanee of survival. 
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ENDOSCOPY IN ESOPHAGEAL ATRESIA AND 
TRACHEOESOPHAGEAL FISTULA 


BRUCE BENJAMIN, FRACS 


SYDNEY, AUSTRALIA 


Between 1970 and 1979 152 infants born with the anomaly of esophageal atresia with or without tracheoesophageal fistula or of con- 
genital tracheoesophageal fistula without atresia were treated at the Royal Alexandra Hospital for Children, Sydney. Recent developments 
in endoscopic equipment and new techniques of anesthesia allow detailed examination of the respiratory tract and esophagus with mini- 
mum trauma and maximum safety. Symptomatology relating to the airway and to the esophagus after surgical repair often occurs in pa- 
tients who may have tracheomalacia, esophageal anastomotic stricture, esophageal reflux and sometimes recurrent or residual fistula. A 
definite diagnosis of tracheomalacia can be made by finding the typical triad of anteroposterior narrowing of the tracheal lumen, weaken- 
ing of the semicircular-shaped cartilages and forward ballooning of the widened posterior membranous tracheal wall. Careful examination 
of the trachea and esophagus allows identification of an elusive recurrent fistula or an H-type fistula. As the primary results of surgery for 
esophageal atresia and tracheoesophageal fistula improve, long-term problems are becoming increasingly important. The role of the 


pediatric endoscopist is vital in the care of these patients. 


INTRODUCTION 


Previous papers, outstanding among which were 
those of Fearon' and Holinger,’ have stressed the 
importance of endoscopy in the overall manage- 
ment of esophageal atresia and tracheoesophageal 
fistula, and others’ have pointed out the place of 
endoscopic techniques in the diagnosis of H-fistula 
or recurrent fistula. The development of sophisti- 
cated equipment using fiberoptic illumination 
together with advances in anesthetic techniques 
allows greater safety for the patient during en- 
doscopic procedures in the diagnosis and treatment 
of congenital anomalies. With these refinements in 
endoscopic techniques the role of endoscopy has 
become much broader. The purpose of this paper is 
to outline the place of laryngobronchoesophagology 
in the overall management of patients with esopha- 
geal atresia and/or tracheoesophageal fistula, based 


on experience at the Royal Alexandra Hospital for 
Children, Sydney. 


MATERIAL AND METHODS 


During the ten years 1970 through 1979 we treated 152 cases of 
esophageal atresia with or without tracheoesophageal fistula and 
of congenital tracheoesophageal fistula without atresia (Table 1). 
Analysis of the case histories of these patients forms the basis of 
this paper. 


Approximately one half of the children were submitted to en- 
doscopy, either as a diagnostic procedure before surgical repair or 
to evaluate or treat postoperative complications. It was sometimes 
possible to make a preliminary diagnosis from the clinical and 
radiological features but diagnostic endoscopy was usually 
necessary to make a complete and accurate assessment. The ex- 
amination included the pharynx, larynx, tracheobronchial tree 
and the esophagus. 


Preoperative examination for evaluation before definitive re- 
pair in the neonatal period was performed only toward the end of 


From the Royal Alexandra Hospital for Children, Sydney, Australia. 


the series. In other cases preoperative examination was for in- 
vestigation of possible H-fistula or recurrent fistula. Endoscopy 
was performed postoperatively to confirm tracheomalacia with 
its accompanying features; to ascertain the presence of an asso- 
ciated anomaly of the larynx or tracheobronchial tree; and in the 
investigation of esophageal stenosis, whether congenital or 
surgically acquired, and for the evaluation of esophegeal reflux. 
Therapeutic endoscopy was performed for esophageal dilatation 
and removal of an esophageal foreign body. 


The technique of endoscopy was standard. Using a suitable 
laryngoscope the pharynx, supraglottic larynx and the vocal cords 
were examined, the latter for both their appearance and move- 
ment. Next the Storz rigid bronchoscope was introduced. The tra- 
cheobronchial tree was examined and any abnormal secretions 
were aspirated and collected in a trap bottle for examination and 
culture. The presence of any abnormal compression, collapse, 
stenosis. pulsation or altered anatomy of the bronchial segments 
was noted. 


For esophagoscopy we used both the Storz pediatric and the 
Negus pattern rigid instruments. We generally preferred the lat- 
ter as they have a wider diameter and are especially useful for 
open tube manipulation, biopsy removal of foreign bedies and for 
direct-vision antegrade esophageal dilatation. 


The various small diameter Hopkins fiberoptic telescopes 
whose light may be directed straight ahead or at various angles 
were used constantly in the larynx and tracheobronchial tree and 
allowed an excellent view. In the esophagus the telescopes were 
especially useful for evaluation of the mucosa where gastroesoph- 
ageal reflux was suspected or for examination of she anterior 
esophageal wall for the orifice of a tracheoesophageal fistula 
without atresia. Esophageal examination and telescopic visualiza- 
tion was combined with biopsy in the investigation of gastroeso- 
phageal reflux to confirm the diagnosis and to indicate the nature 
and extent of esophagitis.‘ 


TABLE 1. TYPES OF ANOMALY IN TEN-YEAF PERIOD 





1970-1979 
Atresia, lower fistula 129 
Atresia, upper fistula 3 
Atresia. double fistula 2 
Atresia, no fistula 10 
Fistula, no atresia (H-type) 8 
Total 152 


Presented at the meeting of the American Broncho-Esophagological Association, Vancouver, British Columbia, May 11-12, 1981. Recipient of the 
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The problems confronting the endoscopist and the anesthesiolo- 
gist varied from patient to patient. Fortunately the majority of 
patients for diagnostic examination were good risks for anesthesia 
but some were seriously ill and teamwork between the emdoscopic 
surgeon and the anesthesiologist was essential. 


The most common technique of anesthesia for diagnostic ex- 
amination was spontaneous respiration with nitrous oxide, oxygen 
and halothane.” Topical analgesia, up to 5 mg lidocaine/kg body 
weight, usually diluted to a 1-2% concentration, was sprayed on 
the epiglottis, larynx and trachea. Topical analgesia minimized 
unwanted reflex activity and virtually abolished laryngeal spasm 
during endoscopy. This spontaneous respiration techrique was 
particularly suitable for diagnostic examination as it al owed the 
opportunity for careful, unhurried observation and for 
photography. 


Photographs were obtained using the Storz electronic flash- 
generating equipment with the light-bodied Storz re-lex endo- 
camera. Kodak Ektachrome® 35 mm film with a speed of ASA 
200 was used. 


With complete preoperative assessment by the anest resiologist 
and surgeon and with reasonable care, experience anc attention 
to detail, anesthesia and endoscopy caused minimal morbidity 
and no mortality. 


RESULTS 


Major and minor congenital anomalies of other 
organs besides the respiratory tract and esophagus 
were common and often involved the card ac, gas- 
trointestinal, genitourinary and skeletal systems. 
Associated anomalies of the upper respiratory tract 
and esophagus demonstrated at endoscopy included 
vocal cord paralysis, congenital subglottic stenosis, 
stenosis of the tracheobronchial tree, pulmonary 
hypoplasia, lower esophageal stenosis anc gastro- 
esophageal reflux. Problems presenting te the en- 
doscopist were many but tended to occur m a regu- 
lar, distinct and recognizable pattern Those 
anomalies associated with the principal ab aormali- 
ty involving the respiratory tract and esophagus 
have been analyzed in detail. 


Of the 152 patients there were 8 with aa H-type 
tracheoesophageal fistula. An unexpectec finding 
was that five of these had associated ano nalies of 
the upper respiratory tract or of the esophagus 
(Table 2). It is especially noteworthy that four of 
the eight had a severe segmental congenital stenosis 
of the trachea. 


There were 43 patients in the series with tra- 
cheomalacia confirmed at bronchoscopy. This rep- 
resents an observed incidence of almost 30 % . There 
were six patients who had bronchoscopy and the 
trachea showed no signs of tracheomalae a. There 
was no indication for bronchoscopy in the remain- 
der of the patients but from the clinical features 
alone it is likely that some of them had a mild 
degree of tracheomalacia. The 43 patients with 
proven tracheomalacia were classified as mild (11), 
moderate (20) or severe (12) on the clinical features. 
All of these patients had the brassy, barking cough 
which is one of the characteristic clinical manifesta- 
tions of tracheomalacia. 


Esophagoscopy was not performed in all of the 


TAB_E 2. ASSOCIATED ABNORMALITIES IN FIVE OF 
THE EIGHT PATIENTS WITH H-TYPE FISTULA 


Case Tracheal Esophageal Tracheo- Laryngeal 
No. Stenosis Stenosis malacia Atresia 

l + — + — 

2 + — + — 

3 = - — + 

4 + - — — 

5 — + — — 


patients who had surgical repair of the esophagus. 
The sophagus was examined only when indicated 
by tte clinical features and the barium swallow. Of 
the 44 patients with repaired esophageal atresia 
there were 40 who required one or more dilatations 
of ar anastomotic stricture. They were classified as 
mild. needing three or fewer dilatations (18); mod- 
erate needing four or more dilatations (17); and se- 
vere needing a further operation (5). 


There were six recurrent fistulae, a rate of less 
thar 3%. Congenital esophageal stenosis was seen 
in sic cases of which three were in association with 
H-type fistulae. There were no serious complica- 
tion. of the endoscopic procedures and there was no 
morality. 


DISCUSSION 


Symptoms relating to the airway and to the 
esop agus after surgical repair of esophageal atresia 
and racheoesophageal fistula are often present in 
the ~ostoperative period and may be due to trache- 
omaiacia, bronchomalacia, tracheal stenosis, esoph- 
agea anastomotic stricture, esophageal reflux with 
or wv thout aspiration and occasionally recurrent or 
residual fistula. Endoscopy allows evaluation of any 
associated congenital anomaly, assessment of the 
deg--e and extent of the flaccidity and collapse of 
the rachea in tracheomalacia, dilatation of an 
esop aageal stricture, direct examination and biopsy 
of esophagitis and identification of a suspected 
recu rent fistula. 


S snificant developments in improving and modi- 
fyirg endoscopic equipment to allow better oper- 
atir g conditions include: 


L Adaptation of bronchoscopes to facilitate ven- 
tila on. 

Z. Techniques for positive pressure ventilation 
duming bronchoscopy. 


£. Development of the cold light source for use 
witt flexible fiberoptic leads and prisms for prox- 
ime lighting of miniature endoscopes. 


2. The Hopkins fiberoptic telescopes for use with 
vers small diameter rigid bronchoscopes. 


5 Availability of the image intensifier while 
com rast radiography of the respiratory tract is per- 
formed. 


These improvements in equipment and fiberop- 


378 BRUCE BENJAMIN 





Fig. 1. Endoscopic appearance of the tracheal aspect of 
an ou Nooo lower pouch tracheoesophageal fistula: A) 


closed during expiration and B) open during inspiration. In 
this patient there 8 a little reactionary tracheitis around 
the orifice due to aspiration of gastric juice. 


tics allow greater safety for the patient but the vary- 
ing problems confronting the bronchoesophagolo- 
gist demand that the operator is absolutely familiar 
with the complesity of the instruments so that he 
always has complete control over their passage and 
manipulation. 


Endoscopic exemination need not be performed 
in every child after operation for tracheoesophageal 
fistula and esophzgeal atresia. From our experience 
in this series the indications for endoscopy are as 
follows. 

Diagnostie: 

l. Evaluation n a neonate before operative re- 
pair. 

2. Diagnosis of H-fistula. 


3. Assessment of tracheomalacia and associated 
factors. 


4. Identification of recurrent, residual or second 
fistula. 


5. Presence of an associated anomaly, eg, sub- 
glottic stenosis or vocal cord paralysis. 


6. Evaluation ef esophageal stenosis. 


7. Evaluation of gastroesophageal reflux. 
Therapeutic: 
8. Dilatation o° esophageal stricture. 


9. Removal of esophageal foreign body. 


Preoperative Evaluation. A newborn baby with 
rattling respirations of fine frothy bubbles of mucus 
and saliva at the lips or nostrils should have the 
patency of his escphagus tested. The diagnosis of 
esophageal atresia is established by failure to pass a 
catheter. Radiological study with contrast material 
is contraindicated because of the danger of aspira- 
tion. 


Although the diagnosis of the common anomaly 


Fig. 2. Tracheal aspect of an unoperated lower pouch 
tracheoesophageal fistula A) before and B) after passage of 
a fine catheter through the fistula. In this particular case 
the orifice of the fistula lies to the left of the midl ne. 


of esophageal atresia with lower pouch fistula is 
standardized, with the less common varieties of 
malformation the exact diagnosis may be elusive 
and may result in delay or even incorrect operative 
treatment.? We have performed diagnostic en- 
doscopy in the neonate with esophageal atresia and 
tracheoesophageal fistula before definitive surgery 
on nine occasions and there is valuable intormation 
to be obtained for the surgeon prior to repair. 


Having examined the larynx, the appearance and 
movement of the vocal cords and the subg.ottic re- 
gion, the bronchoscope is introduced into the tra- 
chea. The large opening of the fistula (Fig. 1) is seen 
on the posterior wall usually in the midline; we 
have seen several to the left of the midline (Fig. 2) 
but, as yet, none toward the right. After removal of 
secretions, the site and size of the fistula and the 
state of the mucosa, whether it is soiled by gastric 
juice or whether there are infected secretions, can 
be accurately judged. If no other associated anoma- 
lies in the tracheobronchial tree are found a ureteric 
catheter is passed via the bronchoscope through the 
fistula (Fig. 2) and on into the lower esophagus and 
left in place. The peroral endotracheal tube to con- 
tinue anesthesia is then passed and lies beside the 
catheter; the latter enables the surgeon to quickly 
and confidently identify the fistula at thoracotomy. 
Finally the blind upper esophageal pouch is in- 
spected. 


Endoscopic examination takes about five minutes 
and immediately precedes the definitive thoraco- 
tomy. The exact diagnosis and pathological anato- 
my is established. It allows assessment of associated 
malformations which could be important im the op- 
erative or postoperative care, eg, subglottic steno- 
sis. tracheomalacia, tracheal or bronchial stenosis, 
upper esophageal segment fistula, second fistula or 
an unusual fistula. 


We are still evaluating preoperative endoscopy, 
and whether the final place of this examination Is In 
the atypical or complicated case with known or sus- 
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Fig. 3. A fine catheter has been passed through tte tra- 
cheal orifice of an H-type fistula, seen high on the pesterior 
wall of the trachea. 


pected associated anomalies or whether it sould be 
a routine examination remains to be determined. 
Preoperative endoscopy with telescopes is safe, en- 
sures accurate assessment, gives confidence and 
comfort to the surgeon and may even modify his ap- 
proach and surgical technique at the Gefinitive 
operation. Lastly the endoscopist develops a per- 
sonal association with the patient and his continu- 
ing welfare. 


Diagnosis of H-type Fistula, There were eight 
fistulae without esophageal atresia in the seræs. The 
majority of patients developed respiratory symp- 
toms associated with feeding during the first week 
of life but there was a variable delay until the 
diagnosis was made. 


The key to eventual diagnosis of H-type f stula is 
awareness of the possibility from the clin eal fea- 
tures.* Endoscopic identification of am elusive 
H-type fistula or a recurrent fistula requires metic- 
ulous examination of the posterior wall of -he tra- 
chea and of the anterior wall of the esophagus with 
angled telescopes. 


It is our opinion that diagnostic examination un- 
der general anesthesia is not only more relisble but 
safer than radiological examination of the esopha- 
gus. Should inhalation of contrast materizl occur 
in the x-ray department, choking, cyamesis and 
apnea may occur and facilities for resuscitation are 
not always readily available. It is noteworthy that 
two of the eight fistulae in this series did net show 
on barium swallow. 


The tracheal orifice of a fistula occurring without 
esophageal atresia is higher than the orifice of a 
fistula occurring with esophageal atresia (Fiz. 3). It 
is usually in the cervical region of the trachea and is 
best seen with an angled telescope. The escphageal 
aspect of a fistula without esophageal atrssia is a 
characteristic inverted V-shaped slit orifice which 
may be difficult to identify. Positive pressiare ven- 
tilation of the trachea through the endotracheal 
tube after a few milliliters of saline have teen in- 
stilled into the upper esophagus with an esc phago- 
scope in place has proved to be a useful diegnostic 
technique in detection of the tracheoescphageal 
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Tø, 4. A, B) Contrast tracheobronchogram of a patient 
wi I an H-type fistula showing not only congenital stenosis 
of `e trachea and of both main bronchi but also a blind 
posterior tracheal pouch. There is right-sided pneumonitis. 


fistule when bubbles of air are seen coming from 
the tula itself.+5 Endoscopic catheterization of 
the fistula with a fine catheter facilitates surgical 
treat-aent. 


Ar unexpected finding in this series was the high 
incidence of associated abnormalities of the trachea 
and/ x the esophagus in 5 of the 8 patients (Table 
2). Faure 4 illustrates a case with stenosis of the 
low- trachea and main bronchi, and the blind tra- 
chea pouch can be seen on the posterior tracheal 
wall. 


In eur hands endoscopic evaluation has a better 
success rate in the diagnosis of tracheoesophageal 
fistuE than have contrast x-ray studies and we be- 
lieve t is safer and gives a more thorough evalua- 
tion # associated anomalies of the upper respira- 
tory act and esophagus. 


Tr<heomalacia and the Tracheal Pouch, Endo- 
scopy has its most significant and well-established 
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Fig. 5. Tracheamalacia of the lower trachea five weeks 
after primary repair of tracheoesophageal fistula and 
esophageal atresia. There is severe anteroposterior collapse 
more marked on the right side during expiration. Note the 
wide membranous posterior tracheal wall. 


place in the management of patients who have re- 
spiratory distress. infection, obstruction, stridor, re- 
tention of secretions, barking cough, aspiration, 
atelectasis, cyanotic attacks or apnea following re- 
pair of esophageal atresia.'?*:*° In the past these 
features have been rather loosely considered as 
“postoperative pulmonary complications.” Holin- 
ger et al? noted that tracheomalacia had been recog- 
nized bronchoscopically in the differentiation of the 
causes of severe stridor in an “appreciable number 
of cases.” We now know that tracheomalacia is the 
major factor in producing these symptoms. 


In our series 43 patients had tracheomalacia con- 
firmed at bronchoscopy but it is likely that many 
other cases, where bronchoscopy was not indicated, 
also had some degree of tracheomalacia. All of these 
patients had the characteristic brassy cough which 
is a manifestation of tracheomalacia. The antero- 
posterior narrowing of the soft tracheal segment is 
accentuated by the raised intrathoracic pressure 
during coughing. 


Patients with tracheomalacia can be divided into 
mild, moderate or severe on the clinical features.® 
Patients in the mild and moderate groups can be 
managed conservatively. When the clinical features 
suggest moderate or severe tracheomalacia. endo- 
scopy is essential to confirm the diagnosis and docu- 
ment the severity. In severe cases there is almost 
total anteroposterior collapse of the lower trachea 
(Fig. 5), especially severe during expiration, with a 
residual lumen which may be only 1-2 mm. Patients 
classified as severe have upper respiratory obstruc- 
tion with stridor at rest developing during the first 
two months of life. All have marked sputum reten- 
tion, often associated with cyanotic attacks, apneic 
episodes and sometimes attacks of reflex apnea. 
These attacks may be aptly referred to as “dying 
spells” and more than half of those in the severe 
category have had one or more cardiac arrests. Our 
experience with operative tracheopexy® for patients 
in the severe group has been encouraging. We now 
believe that tracheotomy should not be necessary 
unless there is some unrelated laryngeal or upper re- 


spiratory anomaly which itself necessitates trache- 
otomy. 


Because of the collapse, weakness and instability 
of the tracheal wall in tracheomalacia the changes 
have been thought for a long time to be due to hy- 
poplasia, dysplasia or absence of the normal frame- 
work of the trachea. The detailed work of Wailoo 
and Emery’? has been a milestone and has firmly 
documented the anatomical changes in tracheomal- 
acia. In 40 autopsy specimens with trachesesopha- 
geal fistula, histological analysis for structural 
deformities showed a deficiency of car-ilage in 
70% , increased length of transverse muscle in the 
trachea in 60% and a longer than average internal 
perimeter of the trachea in 65% . In only six patients 
was the trachea normal. These changes correlate ex- 
actly with our own endoscopic findings where we 
have observed anteroposterior collapse of the 
tracheal walls during respiration with wheezing, 
dyspnea and stridor. The tracheal cartilages have 
an indented half-circle shape rather than the nor- 
mal horseshoe shape, and the posterior membran- 
ous wall is markedly widened so that during expira- 
tion it bulges anteriorly into the residual umen of 
the trachea. This typical triad of widened semicir- 
cular cartilages, ballooning of the posterior mem- 
branous wall and collapse and loss of the tracheal 
lumen affects several centimeters of the lower 
trachea. The lumen above is normal but below the 
changes may affect the caliber of one or other main 
bronchus for a short segment. 


It has now been shown conclusively that this ab- 
norma! flaccidity of the trachea, sometimes also in- 
volving one or other stem bronchus, is a primary 
congenital anomaly commonly associated with tra- 
cheoesophageal fistula, being part of the whole 
malformation. 


Squamous epithelium has been demonstrated by 
Emery and Haddadin" in the trachea of children 
with tracheoesophageal fistula who clinically had 
sputum retention. This may be a congenital malfor- 
mation or may be due to squamous metaplasia. We 
believe there are other factors that contribute both 
to the respiratory obstruction and to the retention of 
secretions. These include: 


l. Tracheal compression by the innominate ar- 
tery.‘ 


2. Food or an impacted foreign body which may 
fill the dilated upper segment of the esophagus 
above the esophageal anastomosis particularly 
where there is an anastomotic stenosis. 


3. Approximation of the anterior and posterior 
walls during coughing which partially obstructs 
clearing of endobronchial secretions. 


4. Aspiration into the trachea as a result of dis- 
ordered esophageal peristalsis or gastroesophageal 
reflux. 
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5. Disordered mucociliary mechanisn. The 
clearing action may be impeded by the wice mouth 
of the residual pouch of the fistula which cesses the 
posterior tracheal wall. 


The residual pouch of the fistula is imwariably 
seen as a diverticulum varying in length frcm a few 
millimeters to 10-15 mm in every case of 2epaired 
tracheoesophageal fistula. It is not necesssrily re- 
lated to the surgical technique of the individual sur- 
geon performing the repair. The pouch is usually 
healthy but occasionally a suture, granuletion tis- 
sue, discharge, soft tissue reaction or scaring may 
be seen within it. 


It is important to emphasize that the ip of a 
bronchoscope or an endotracheal tube may enter 
the fistula pouch. If the distal bevel of an endotra- 
cheal tube passes into the residual pouch of a re- 
paired tracheoesophageal fistula the anes hesiolo- 
gist may be totally unable to ventilate th= child. 
The tube must be withdrawn 1-2 cm anc reposi- 
tioned with the bevel rotated. Normal ventdation is 
then achieved. 


Recurrent Fistula. There were six recurent fis- 
tulae. Only one occurred early after repair; they 
were diagnosed at the ages of 2, 6, 7, 11, 1 and 18 
months respectively. A suspected recurrerce of a 
fistula occurring some time after primar> repair 
may be difficult to prove and is best diagmosed at 
endoscopy although some will be shown at barium 
swallow. The recurrent fistula is usually in the 
pouch of the original fistula. A ureteric -atheter 
passed through the recurrent fistula will be seen at 
esophagoscopy to enter the esophagus at or just 
below the anastomotic repair site. 


Congenital Esophageal Stenosis. The occurrence 
of both esophageal atresia and esophageal stenosis 
in the lower esophagus in the same patient Fas been 
considered to be rare.?!? Concomitant esozhageal 
atresia and stenosis in the lower segment of the 
esophagus was seen in three cases in this series. 
There were also three cases seen in associatizn with 
H-type fistula (Table 2). These stenoses appeared to 
have a congenital basis as they were seen im neo- 
nates, there were no mucosal changes and there was 
no association with gastroesophageal reflux 


Gastroesophageal Reflux. The manifesta ions of 
gastroesophageal reflux following repair of ssopha- 
geal atresia are variable. There may be a st-icture, 
failure to thrive, repeated pneumonitis ard even 
apnea from aspiration. Esophagoscopy and biopsy 
can give useful information.’ Early recognit on and 
aggressive treatment of gastroesophageal ref ux fol- 
lowing repair of esophageal atresia may red.ice the 
incidence of acquired stricture formation in the 
lower esophagus. 


Endoscopy does not assist in the evaluatioa of the 
additional problem of disordered motility aed neu- 
romuscular incoordination of the esophagus 


Escphageal Stricture. When a stricture appears 
to b= forming after surgical anastomosis opinions 
are c vided? as to whether dilatation should be per- 
formed early or late. We favor early endoscopic in- 
spec =n and dilatation for best results. Early dilata- 
tior may increase the danger of esophageal disrup- 
tion <r even reformation of the fistula unless it is 
done with great care but it is easier to treat a stric- 
ture in the early stages than when it is firm and fi- 
broti. 


St-acture of the esophagus at the site of the end- 
to-er d anastomosis performed for esophageal repair 
is seen commonly.'? We do not perform esophago- 
scop™ routinely in all patients but of the 144 pa- 
tients with repaired esophageal atresia in this series 
40 reuired one or more dilatations. Not included in 
this soup are postanastomotic strictures following 
esophageal replacement using either colon or re- 
versæ gastric tube. 


It = difficult to know when esophageal dilatation 
is inczated for postanastomotic stricture. Although 
there s no acceptable definition of what is an ade- 
qua: lumen, in our view it is satisfactory to judge 
on tł- functional swallowing performance of the 
child ogether with the degree of radiographic nar- 
rowiag on barium swallow. The contrast esophago- 
gram nay be unreliable and esophageal evaluation 
with ealibration by dilators may then be the best 
guice to the capability of the esophagus. 


Di--ct vision bouginage is performed from above 
through a large diameter Negus rigid esophago- 
scope using graduated gum elastic bougies. It has 
not =n necessary to leave a string in the lumen of 
the e-phagus except for retrograde dilatation. On 
occas ens in difficult cases retrograde dilatation 
with Bucker’s bougies is preferable and is the meth- 
od cf choice for dilatation of a resistant stenosis. 
Retrærade bouginage is unlikely to damage the 
esophe gus and is safe for repeated manipulation. 
We Ł:ve had few complications from esophago- 
scopy. or dilatation in patients who have had esoph- 
ageal tresia. 


Esæhageal Foreign Body. Impaction of an 
esophageal foreign body occurs more commonly in 
children with any type of esophageal repair, 
whether an end-to-end anastomosis, intestinal in- 
terpcs ion or gastric tube transplant. Some require 
repea%ed removal of foreign bodies from the anas- 
tomot e site, usually related to neuromuscular in- 
coord ation of the esophagus or more likely to nar- 
rowin= caused by scar tissue, in which case dilata- 
tion m =y be necessary. 


CONCLUSION 


The 2ndoscopist should no longer be consulted 
only & an occasional emergency situation where 
there «© a serious respiratory problem. Correlation 
of evince from the history and the findings on 
physica examination together with the radiological 
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examination ger=rally indicate the necesszy for 
direct endoscopic examination. 


As the primar results of surgery for esopnageal 
atresia improve, long-term problems become in- 
creasingly important. The dramatic nature œ some 


of these troubles, especially respiratory complica- 
tions and the overall generally good progress and 
prognosis of babies using the latest techniques of 
corrective surgery means that the endoscopist is 
now a vital member of the team in the care of these 
patients. 
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Globus hystericus means the “hysterical ball or lumpy in the throat,” and is =aerally assumed to be of psychic origin. True dysphagia is 
usually absent. Twelve patients with the globus syndron= were studied at the E=>hageal Motility Laboratory of the Saint Luke’s Hospital 
of Cleveland. An organic cause for their symptomatology was ruled out by phy-ieal examination, laryngoscopy, esophagoscopy and cine- 
esophagograms. Ten patients showed significant elevatiaws in esophageal restit@gpressures and nine had evidence of disordered motor ac- 
tivity in the body of the esophagus. Knowing from previ»as investigations that £ suprasternal discomfort may be elicited from stimulation 
of the esophagus at different levels, we propose that the =lobus sensation is a re=-red one coming from the hypertonic and frequently in- 


coordinated body of the esophagus. 


INTRODUCTION 


Globus hystericus means the “hysterical -all or 
lump in the throat.” It was first described `n the 
Hippocratic treatises when it was regarded asa dis- 
ease of menopausal women. The ancients be ieved 
that the womb was a floating organ which aoved 
freely around the woman’s body cavity and that the 
“lump in the throat” was caused by this orgar rising 
into the root of the neck.’ 


The term “globus hystericus” implies thet be- 
cause no cause can be found for the sensaticm of a 
lump in the throat in most patients, it must aave a 
hysterical or neurotic basis. True dysphag= and 
weight loss are absent. 


In the past, the literature has questioned the as- 
sumption that the globus sensation is purely = psy- 
chogenic phenomenon. In 1707, John Purcel~ pos- 
tulated that the sensation was due to contractins of 
the strap muscles of the neck pressing on the tË yroid 
cartilage and therefore the globus symptoms were 
“not vain imaginations and groundless fancie, oc- 
casioned by the disturbance of the spirits e` the 
brain, as some physicians are pleased to say, b-t are 


TABLE 1. OTHER REPORTED ETIOLOGICAL FAC ORS 
ASSOCIATED WITH GLOBUS HYSTERICUS 


Maxillary sinusitis 

Long uvula 

Enlarged lingual tonsils 

Chronic pharyngitis 

Osteophytes of the cervical spine 
“Dry swallow” 

Cricopharyngeal sphincter spasm 
Goiter — hypothyroidism 
Hiatus hernia — acid reflux 
Gastroduodenal and biliary lesions 
Rectal polyps 


real sensations actually felt by the patient.” Table 
1'56 | sts some other associated factors which have 


been ceseribed. 


Glous hystericus represents approximately 3% 
of all adult patients seen by an otolaryngologist.’ 
This sedy was interesting because of the frequency 
with waich one sees that patient who does not gross- 
ly disp.ay a hysterical personality and who seeks 
treatment for a sensation so vivid and so real, and 
resents the physician’s suggestion that “there is 
nothiz=.” 


It was the objective of this study to attempt a 
physio. egical explanation for the globus sensation 
using esophageal manometry. 


PATIENTS AND METHODS 


Patiee. Twelve patients, ten females and two males, were 
studied .+ the Esophageal Motility Laboratory of Saint Luke’s 
Hospital =f Cleveland. All patients had been seen by at least one 
other otc .ryngologist in the community, but despite reassurance 
the globr = sensation had persisted. The patients’ symptoms had 
been present from 1 to 14 months. Patient ages ranged from 20 to 
73 years. Jf the patients 67% were between 40 and 60 years of 
age (mez of 49 years). 


“8 
Fig . Average end expiratory resting pressures in mm 
Hg in body of esophagus for 12 globus patients studied. 
Dottec ime - upper limit of normal. 
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TABLE 2. SUMM¢ RY OF ESOPHAGEAL MOTILITY STUDY 


Mean Resting Pressures Motor Change 


Duration of Cricopharyngeal Resting of Body of Esophagus in Body of 
Patient Age (y1) Sex Symptoms (mo Pressures (N:8-50 mm Hg) oe Hg) Esophagus 


(Premature contraction) 


l 21 F 2 
2 35 F 3 
3 73 M 12 
4 48 F 
5 52 F 1 
6 45 F 14 
7 53 F 4 
8 59 F 3 
9 53 F 7 
10 59 F 11 
11 22 F 3 
12 46 M 8 


10 —6.0 Normal* 

1] +0.1 Normal 

13 +1.0 DMA, PRv 
lower 2/3 

19 +1.0 Normal 

9 — 2.0 DMA, PRv 

lower 2/3 

18 +4.00 DMA, PRv 
entire length 

15 —5.0 DMA, PRv 
entire length 

10 +1.0 DMA, PRv 
entire length 

16 + 2.0 DMA, PrV 
entire length 

16 +0.6 DMA, PRv 


entire length 
gastric reflux 


29 —0.6 DMA, PRv 
middle 3rd 

3] +2.0 DMA, PRv 
lower 2/3 


gastric reflux 


*Normal - Over #0% of contractions are peristaltic, no pontaneous activity. 


DMA - Disordered motor activity (spontaneous, simultan»ous, repetitive waves); P - Presence of peristalsis; R - G-e sphincter relaxes, r - Poor or no relax- 
ation; V - Vigorous motor activity, waves over 50 mm Hg; +» - Low amplitude waves. 


Methods. Physical examinations, laryngoscopie: (indirect 
and/or direct), esophagoscopies and cineesophagogrars were per- 
formed to exclude an organic lesion. 


An assembly o three open-tipped polyethylene catheters 
spaced 5 cm apart were swallowed. Each catheter had an internal 
diameter of 0.76 nm, and was continuously perftsed at 0.4 
ml/minute. Pressuse changes were transmitted to exernal Sta- 
tham P23Db transducers, and their outputs were amplified and 
recorded with a Heneywell oscillograph. Resting andadeglutitive 
responses were recerded. 


RESULTS 


Resting Pressures. Figure 1 is a scatter of the 
mean resting (end expiratory) pressures in zhe body 
of the esophag.is. Like intrapleural pressures, nor- 
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Fig. 2. Normal deglutition study. Numbers ‘present 
distance (em) rom incisors. Water swallows (S) mitiate a 
coordinated aad sequential passage of peaked peristaltic 
waves in the raidesophagus. 


mal resting pressures in the body of the esophagus 
are subatmospheric with a normal upper limit of -5 
mm Hg. Ten out of the 12 patients had abnormally 
high resting pressures ranging from -2 to +4 mm 
Hg with a mean of + 1.1 mm Hg. Resting pressures 
of the cricopharyngeal sphincter were within nor- 
mal limits (Table 2). Two patients had evidence of 
gastroesophageal reflux (Fig. 3). 


Deglutition. The act of swallowing normally in- 
itiates sequential and coordinated pressure changes 
in the esophagus (Fig. 2). Nine of the 12 patients 
showed evidence of neuromuscular incoordination 
which was seen as spontaneous activity with simul- 
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Fig. 3. Several water swallows in the body of the esoph- 
agus. Note low amplitude, simultaneous and repetitive ac- 
tivity with deglutition. Note sudden reflux cf acid (pH 
graph) to lower esophagus and poor acid clearing on subse- 
quent swallows. 
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Fig. 4. Disordered motor activity in response to three 
water swallows in the midesophagus. Note failed perstal- 
tic wave with first swallow and simultaneous aad reseti- 
tive response with last trial. 


taneous and repetitive contractions mostly of low 
amplitude in the body of the esophagus (Figs 3-5). 
This involved the lower two thirds in four petients 
and the entire length of the esophagus in five. 


One of the two patients who had gastric reflux 
had evidence of dysfunction at the pharyngoeso- 
phageal junction seen as premature contract-on of 
the cricopharyngeal sphincter (Fig. 6). 


DISCUSSION 


Intraluminal pressure studies at the appareat site 
of the globus sensation, ie, the cricopharyngeel lev- 
el had been investigated previously but the data 
presented is contradictory. Caldarelli et al con- 
cluded that the globus sensation was not related to 
cricopharyngeal spasm as he even found crico har- 
yngeal sphincter pressures even less than his con- 
trols.” In contrast, Watson and Sullivan said that 
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Fig. 5. Disordered motor activity showing simultaneeus 
and repetitive contractions of varying amplitude and dwa- 
tion. Note markedly elevated resting pressures. 
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Fg. 6. To the left is a normal response at the pharyngoe- 
sopkageal junction. The pharyngeal motor wave (PHAR) 
is ecordinated with orioopim yoa sphincter (CPS) relax- 
ation. Premature cricopharyngeal contraction is seen on 
the ight tracing. PHAR arrives at the CPS as it starts to 
contact. 


“The aypertonicity of the cricopharyngeal sphinc- 
ter is a cause of the globus sensation.”’ Our data 
fails æ show any elevations in cricopharyngeal pres- 
sures Table 1). 


As shown by Nagler and Spiro, intermittent non- 
peristaltic motor responses in the esophagus may be 
associated with emotional stress.* However, to the 
best o our knowledge, no one has yet described ab- 
normel motility changes in the body of the esopha- 
gus in patients with the sole complaint of a globus 
sensation. 


Our ignorance of the precise mechanism of the 
swallæwing reflex makes it difficult to suggest the 
pathcgenesis in this condition. Some central modifi- 
cation from emotion must cause a derangement in 
neural eontrol. The absence of abnormal manomet- 
ric findings in two of our patients may be due to the 
interrättence of symptoms seen in this disorder. 


The distribution of sensory and motor fibers to 
the upper foregut is very rich and arises from 
branches of the glossopharyngeal, vagus, sym- 
pathete and phrenic nerves. It is known that the 
proximal foregut, which includes the pharynx and 
the cervical esophagus, is most sensitive, and this 
sensitivity diminishes distally. Clinical experience 
in other disorders, such as in diffuse esophageal 
spasm and hiatus hernia, recognizes that symptoms 
may be referred from lesions situated at more distal 
sites.'* Experimentally, Jones'® and Kramer and 
Hollander! showed that a suprasternal choking or 
pressur= discomfort can be elicited by inflating bal- 
loons a different levels of the esophagus. 


It mæ thus be assumed that the globus sensation . 
experier eed by our patients who showed abnormal 
esopha=al manometric findings was a referred one 
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coming from tke hypertonic and incoordinated 
body of the esopnagus. 


In summary, esophageal motility studies in 12 pa- 
tients with glokis hystericus showed abncrmally 
high resting presures in the body of the esophagus 
in ten (83%). Mine (75%) had evidence of disor- 
dered motor act-vity. 


CONCLUSION 


Our studies am in agreement with John Purcell’s 


FLORES ET AL 


statement 270 years ago that the globus symptoms 
are “not vain imaginations and groundless fancies . . . 
but are real sensations actually felt by the patient,”! 
a thought which should come to the mind of the re- 
assuring clinician. 


The sensation of a lump in the throat may be a re- 
ferred one coming from a hypertonic and frequent- 
ly incoordinated body of the esophagus. The etiol- 
ogy remains uncertain, possibly psychogenic, but 
appears to result in a physiologic derangement. 
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Although prior to 1950 esophageal hiatal hernia (EMH) in children was a seldom recognized entity, it has since then become well 
known. The symptoms in children are considerably different from those in adult.. The cause of EHH is still somewhat in doubt. The term 


gastroesophageal reflux (GER) is often applied as a diagnosis where the diagnosi: is uncertain. The authors have reviewed case histories of 
56 patients admitted to the Hospital for Sick Children. Toronto, from 1972 to 980. A comparison is made with 101 cases admitted be- 
tween 1952 and 1960. It is our firm belief that all patients with symptoms of GEE should be esophagoscoped for definitive diagnosis as well 


as for assessment of the esophagus. Because there is a high rate of 
choscopy should be carried out concurrently with the esophagoscopy. 


respiratory complications in infants and children with GER, bron- 
Infants wi h GER are at risk from the possibility of aspiration and it 


is possible that an unknown number of sudden infant death syndrome is due t this factor. The majority of patients with EHH can be 
managed by a medical regime. Those with esophageal strictures are treated by dilatation but many require surgical correction. 


It is not our contention or expectation in this 
presentation to settle the controversy regarding the 
causes of esophageal hiatal hernia (EHH). and/or 
gastroesophageal reflux (GER), and their complica- 
tions. Rather we wish to emphasize the importance 
of open tube esophagoscopy in the assessment and 
the diagnosis in infants and children with symptoms 
and signs secondary to GER. 


Esophageal hiatal hernia is a condition in which 
there is a displacement of the distal esophagus and 
part of the stomach into the thorax through the 
hiatus of the diaphragm. There are three types (Fig. 
1): hiatus or sliding hernia (A-C); paraesophageal 
or rolling hernia (D, E); congenitally short 
esophagus with thoracic stomach or brachyesopha- 
gus (F, G). Harrington' described a similar condi- 
tion as dilated esophagus, but this is radiologically 
and clinically like a hiatal hernia. The distal esoph- 
agus is dilated and the hiatus itself is open or patu- 
lous (Fig. 2). However, the esophagogastric junc- 
tion (EGJ) is in its normal position. This is now 
known more commonly as achalasia. In the majori- 
ty of patients the cause of EHH is uncertain. but in 
a small proportion of patients it may be due to sur- 
gery of the esophagus or an esophageal abnormality 
such as congenital atresia of the esophagus. corro- 
sive stricture, abdominal injury and following spin- 
al surgery for scoliosis. 


It was not really until the 1950s that EHH was 
described extensively. Indeed, in our institution 
prior to 1952, the condition of EHH was rarely 
recognized despite the fact that in a review of the 
records of esophageal strictures, many were con- 
sidered congenital, but were obviously secondary to 
EHH. In fact, the first patient with this problem 
who came to our attention was in 1952. This was a 
9-year-old boy who had been chronically ill since 
infancy and an earlier esophagoscopy in another 


center described a midthoracic stricture with multi- 
ple pazillomata beyond the stricture. What were 
thought to be papillomata were gastric rugae. In 
the next eight years 101 cases of EHH were esopha- 
goscoped and reported by the senior author.’ 


ANATOMY 


The esophagus is a two-layered muscular tube ex- 
tending from the pharyngeal musculature (crico- 
pharvageus) to the esophagogastric junction (EGJ). 
The p-oximal end is at the cricoid cartilage and the 
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Fig. 1. Types of esophageal hiatal hernia. 
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Fig. 2. Achalasia. 


distal end is demarcated by a reflexion of peri- 
toneum from the stomach to the inferior sarface of 
the diaphragm. Hayward? has described it as a tube 
lined mainly by stratified squamous eyathelium 
with glands in the mucosa and variabe small 
islands near the upper end and around tke whole 
circumference of the lower 1-2 cm. He has de- 
scribed the epithelium between the squamous epi- 
thelium of the esophagus and gastric epithelium as 
being columnar and this area being very mc bile, re- 
sulting in changes in appearance with the esopha- 
geal and gastric movement. This Hayward de- 
scribes as “junctional epithelium.” Hayward also 
defines cardia as “the sphincteric lower pa-t of the 
esophagus between the phreno-esophageal | gament 
and the gastro-esophageal junction.” 


PATHOLOGY 


The pathology of an EHH has been desczibed by 
many authors, but in particular by Harrington,’ Al- 
lison,* Belsey,* Swyer,® Putney,’ and most ‘ecently 
in an excellent text on the esophagus by Hen derson.® 
Even so there is yet no unanimity of opinien as to 
what really constitutes an EHH. Recent there 
seems to be a tendency, in particular by in ernists, 
to employ the phrase gastroesophageal reflux in pa- 
tients who have symptoms and signs of reflu: of gas- 
tric contents into the esophagus without bcthering 
to determine the cause of the GER. To the authors, 
GER is a symptom complex and not a diagnosis. 


According to Allison,* there is no intrins-c stric- 
ture at the lower end of the esophagus, bu rather 
an extrinsic stricture mechanism which in the nor- 
mal person allows the passage of the food Folus in 
the esophagus into the stomach, but effectiv=ly pre- 
vents a reflux of gastric contents in the cpposite 
direction by the pinchcock action of the fibers of the 
right crus forming the margins of the esophageal 


hiatus, the sharp backward angulation of the lower 
end of the esophagus caused by the contractions of 
the crura, and the acute angle of entry of the esoph- 
agus into the stomach. The efficiency of this mecha- 
nism depends on the normal arrangements of the fi- 
bers of the crus, especially posteriorly. where the 
muscular ring of the hiatus is weakest: the muscular 
tone and activity of these fibers; and the normal re- 
lationship of the cardia to the hiatus, with the EGJ 
lying wholly below the diaphragm. Henderson’ 
describes a high pressure zone in the intra-abdomi- 
nal segment of the normal esophagus preventing 
reflux. On the other hand, Botha? states that a 
hiatal hernia is always present when there is reflux. 
In contrast to a congenitally short esophagus, which 
is relatively rare, a hernial sac is always there when 
a recessed peritoneal cavity projects upwards 
through the hiatus in front of the stomach. Cohen 
and Snape” regard the lower esophageal incompe- 
tence as always the cause of GER. Regardless of the 
cause of EHH or GER, there is a failure in the 
mechanism that prevents GER, which results in re- 
flux of acid-gastric-peptic secretion into the esopha- 
gus, which is ill-equipped to withstand the corro- 
sive action, or allows stomach contents to pass up 
the esophagus into the airway. The occurrence of 
hiatal herniation in early infancy supports the view 
that the EHH was considered congenital in origin 
due to a developmental abnormality of the dia- 
phragm. Whether the primary failure of the pinch- 
cock is due to a congenital deficiency of the right 
crus at the posterior margin of the hiatus, or to a 
defect of the phrenoesophageal ligament. is uncer- 
tain. On the other hand, Terracol and Sweet!! con- 
sider that many cases that are thought to be due to 
an EHH are, in fact, congenitally shortened esopha- 
gus with thoracic stomach. They use the term 
brachyesophagus for this condition, 


In children we feel that there are two distinct 
types of problems as seen by esophagoscopy. In the 
majority of cases of EHH, the EGJ is relatively high 
above its normal position, but the hiatus itself is 
open, permitting the esophagoscope to pass into the 
abdominal stomach with little, if any, resistance 
(Fig. 3). In this type the reflux seems to have 
relatively minor effect on the esophagea! mucosa. 
In a small number of patients, we find that the EG] 
is high with the proximal stomach entrapped by the 
hiatus (Fig. 4). In these there is pronounced re- 
sistance in passing the esophagoscope into the 
stomach. It would seem that in the latter type, 
gastric secretions are entrapped by the hiatus and 
the proximal stomach, creating a much more severe 
effect on the esophagus and especially on the EGJ, 
the most vulnerable part of the esophagus. '? 


SYMPTOMS AND SIGNS 


Although Henderson’ states that the commonest 
symptom in adults is pain, we have found that 
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Fig. 3. High esophagogastric panos where esophago- 
scope passes readily into stomach. 


vomiting and regurgitation are the commonest 
symptoms in children. Next in frequency are re- 
spiratory symptoms including severe respiratory 
distress and perhaps death, repeated pneumonia, 
continual bronchitis, and persistent asthmatoid 
breathing. Other findings are dysphagia. dys- 
trophy, melena and severe anemia. The authars feel 
strongly that an unknown number of sudden infant 
death syndrome (SIDS) cases are secondary to the 
effects of an unrecognized EHH, either from mas- 
sive aspiration of gastric contents, or from laryn- 
gospasm initiated by the effect of gastric secretion 
on the larynx. Even a small amount of concentrated 
acid in the larynx may cause fatal laryngospasm 
and this might not be recognized at postmortem. 
Indeed, in our first series reference, two patients be- 
ing treated in hospital for a diagnosed EHH died 
suddenly from the effects of GER. 


In children, the symptoms date from birth in half 
the patients. As recently as 1952, Thorek** stated 
that in the majority of cases of EHH in adults, 
symptoms begin after the age of 40. Had it been 
possible in many of these patients to obtain a history 
of their early childhood, it might have been found 
that they had a problem then. We have known 
adults with EHH to have had “feeding problems” or 
even strictures treated in early childhood and to 


have been free of symptoms until they were in their 
30s or 40s. 


DIAGNOSIS OF ESOPHAGEAL HIATAL HERNIA 


The diagnosis of EHH is a most controversial one 
and the solution is far from settled. Henderson’? 
states that EHH is a radiological diagnosis only, 
despite the fact that in 428 patients he treated 





Fi-. 4. Entrapment of proximal stomach by hiatus and a 
seccrad fluid level caused by stricture at the EGJ. 


surgicelly for reflux, the diagnosis was made radio- 
logicely in 69.4% and reflux was diagnosed only in 
12.6%. Since these patients were all adults, it seems 
only reasonable to conclude that the radiological 
diagncsis in infants and children is likely to be more 
inexae. Whether or not reflux is always due to 
EHH. reflux is certainly responsible for most of the 
symp-ems encountered. 


Beczuse this presentation is primarily on the en- 
doscoric findings in patients with GER or EHH, it 
is not concerned with other adjunctive investiga- 
tions. We know that there can be severe reflux 
deterxined by endoscopy in the absence of radio- 
logica] findings. But needless to say, radiography is 
mancetory in the investigation of GER. Unfortu- 
nately however, clinicians often accept the normal 
x-ray 2eport as final, regardless of the fact that the 
patiene has obvious evidence of reflux. 


Since many patients have undiagnosed tracheo- 
bronchial symptoms that might be due to GER, it is 
our firm belief that all such patients should have 
bronchoscopy concurrent with esophagoscopy. 
Where the symptoms are primarily from the air- 
way, sve examine the tracheobronchial tree first 
and then the esophagus. When the problem is pri- 
marily esophageal, we follow the esophagoscopy by 
bronekoscopy. 


Our endoscopic procedures are carried out under 
general anesthesia in an operating room which has 
a permanently placed image intensifier with fa- 
cilities for taking radiographs. Continuous breath- 
ing endotracheal anesthesia is employed for esopha- 
gosccy y and inhalation anesthesia via bronchoscope 
for brenchoscopy.'* For esophagoscopy we prefer to 
use tae Holinger-Jackson full-lumen aspirating 
esophz goscope of a size suitable to the age of the pa- 
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TABLE 1. SIGNS AND SYMPTOMS IN THE 56 PATIENTS 


Regurgitation or vomiting 38 67.8 % 
Respiratory complications 21 35.5 % 
Dysphagia I 30.35 % 
Hematemesis 10 17.8% 
Epigastric or retrosternal pain 9 16.0 % 
Failure to thrive 5 8.9 % 
Melena 4 7.1% 
Anemia 3 5.3% 
Dystrophy 3 5.3% 


tient, ranging from a 4 x 30 cm for the average 
newborn to a 7 x 53 cm in the older teenager. The 
purpose of the esophagoscopy is several fold: to 
determine whether or not there are abnormalities in 
the esophageal lumen; whether or not there is GER 
and the degree and character of same; the status of 
the esophageal mucosa; and in particular, the posi- 
tion of the EGJ relative to the hiatus. Morecver it is 
important to know whether or not the hiatus itself is 
closed tightly, entrapping a part of the stomach 
above the diaphragm, or whether it is widely open 
allowing free and constant reflux from the stomach. 
Although not essential, magnification with either 
the proximally placed telescope or with the Hopkins 
telescope is most valuable especially in the recogni- 
tion of the EGJ. The EGJ can be identified where 
there is the change from the smooth folds of the 
esophagus to the typical gastric rugae. Biopsy, using 
center-action angled cup forceps, can be carried out 
to supplement and verify the visual diagnosis. Biop- 
sy also serves to identify changes in the esophagus 
secondary to reflux as described by Benjamin et al.'s 
Once the EGJ is identified, the tip of the esophago- 
scope is placed at the junction and the position of 
this tip can be determined by fluoroscopy or by 
radiograph. It must be remembered that where there 
has been a longstanding GER, the lower esophageal 
mucosa may be altered to a columnar epithelium as 


described by Hayward. 


Where secondary strictures have developed, they 
must be treated by dilatation and the authors prefer 
to do the dilatation with graduated sizes of scopes.'® 
Palmer has stated that in instances of severe esopha- 
gitis causing stricture and shortening of the esopha- 
gus, dilatation has proven to be not only remark- 
able for the relief of symptoms, but also the esopha- 
gus may lengthen to its original position.” We cer- 
tainly can confirm that this is true in several of our 
patients where dilatation alone was so effective that 
surgical correction of the EHH was considered un- 
necessary. Although we have not established that 
the esophagus in these patients has lengthened, 
nonetheless we do know that they have been free 
from significant symptoms 25 years later. 


Laryngobronchoscopy is important first of all to 
determine whether or not there are abnormalities of 
the tracheobronchial tree that are unrelated to 
GER. The senior author has been guilty of missing 
an H-tracheoesophageal fistula in a proven EHH, 


because he concluded that all symptoms were due to 
the EHH. Furthermore, it is important to establish 
whether or not aspiration of GER may be affecting 
the tracheobronchial mucosa and to what degree. 
Secretions are always collected for bacteriological 
study as well as for pathological study where in- 
dicated. The size of bronchoscopes used for various 
ages as well as the technique have been documented 
elsewhere. "4 


CASE STUDIES 


To compare the current status of EHH with that 
reported in the 1952-1960 series, case reports on pa- 
tients admitted between 1972 and 1980 were re- 
viewed. We were greatly surprised to find that only 
56 patients with EHH were admitted in this latter 
period, whereas approximately 300 cases were diag- 
nosed in eight years of the earlier series. This differ- 
ence can be explained in part by the fact that in the 
1950s, most major problems in children throughout 
Ontario were referred for management to the Hos- 
pital for Sick Children. There are now many pedi- 
atric units, not only throughout the province of On- 
tario but even in the Toronto area itself. equipped 
to handle such cases. We have not included patients 
seen by us in other hospitals. 


In the 56 patients there were 33 males and 23 fe- 
males. In 27 (48% ) symptoms and signs dated from 
birth and in 8 (14.2%) under a year. Ten (17.8%) 
of the patients developed esophageal strictures 
before the diagnosis of EHH was made. Two other 
patients had congenital esophageal atresia with 
tracheoesophageal fistula repair; two others had a 
repair of a congenital tracheoesophageal fistula. 
Two patients had surgery previously for presumed 
pyloric stenosis, although pyloric stenosis was not 
found at laparotomy. In one teenaged patient, the 
symptoms followed corrective surgery fer a severe 
scoliosis. 


Esophagoscopy was performed in only 33 (59 % ) 
including some that had EHH surgery. In 15 
(26.7%) where the esophagus was considered nor- 
mal on radiograph, the diagnosis was arrived at by 
esophagoscopy. The ten patients with esophageal 
stricture were treated by either prograde or retro- 
grade dilatation. It has been our experience that pa- 
tients with strictures prior to EHH correction re- 
quire very little stricture treatment subsequent to 
the surgery. 


In Table 1 is a list of the signs and symptoms in 
the 56 patients. Although the number of cases 
reported in this series is smaller than in our first 
report, the symptomatology and the complications 
in percentages are remarkably similar (Table 2). 


A diagnostic tool, the use of radionueleotides, 
was used on one of our patients and this type of test 
may be vitally important in establishing the correct 
diagnosis of GER or EHH. The following is the case 
history of the patient in brief. 
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TABLE 2. SYMPTOMATOLOGY AND COMPLICA’ IONS 
OF EHH 


Vomiting or regurgitation 90 % 
Respiratory symptoms including severe respiratory 
distress, repeated pneumonia, bronchitis, cough, 


expiratory wheeze 39% 
Hematemesis 25% 
Dysphagia 24% 
Dystrophy 12% 
Melena 12% 
Severe anemia 10 % 
Excessive mucus 5% 


A 9-year-old boy was admitted to our service with a Hštory of 
recurrent stridor, choking spells, and shortness of breatk. occur- 
ring mainly at night after going to bed. The complain: started 
several months earlier and three months prior to this acanission, 
he was bronchoscoped at another hospital with negative imdings. 
Examination showed a normal, well developed boy for hes age. A 
barium esophagogram was described as being normal. Laryngo- 
bronchoscopy showed no abnormalities. Esophagoscopy, how- 
ever, revealed the EGJ to be 3-4 cm above its normal postion and 
there was a mild esophagitis. Our conclusion was that th=patient 
had an episodic laryngospasm secondary to EHH reflux He was 
discharged on an appropriate dose of Maxaran® (meteclopra- 
mide monohydrochloride). The patient’s symptoms impzeved re- 
markably, but because he was making “unusual gurgling sounds” 
during his sleep he was admitted to the surgical se>vice for 
another evaluation. Barium examination of the upper gastrointes- 
tinal tract was again reported as being normal. Pressur= studies 
showed both the upper and lower esophageal sphincters ta be nor- 
mal. Neurological examination and radiological examination of 
the chest indicated no abnormalities. The patient then was fed 
technetium sulfur colloid and delayed films were taken. This test 
confirmed the original esophagoscopic diagnosis of GER ‘rom an 
EHH. Surgical correction was not deemed necessary and the pa- 
tient has continued to do well on therapy. 


MANAGEMENT OF ESOPHAGEAL HIATUS HERNIA 


The primary role of the endoscopist in th= man- 
agement of EHH is to determine the diagncsis and 
to assess the status of the esophagus and, add tional- 


ly, the laryngotracheobronchial complex. However, 
we shoald take the responsibility of directing the 
type of treatment. 


Whe e there is pathology in the esophagus and/or 
tracheæronchial tree, follow-up endoscopy must 
not be neglected. Where there is severe secondary 
airwey obstruction, tracheotomy should be per- 
formed and maintained until the problem is con- 
trolled. This does not necessarily mean surgical cor- 
rection Infants with GER, either from EHH or 
other eauses, are potentially at risk from the 
possibilty of massive aspiration or from chemical 
laryngcspasm. Undoubtedly an unknown number 
of SIDE cases is due to aspiration. 


The najority of patients with EHH respond to 
conservative measures. In time many of the infants 
“grow eut of their symptoms,” especially when they 
begin © stand and walk. 


Mec =al management includes positioning, thick- 
ened f=dings, antacid and other drug therapy. We 
have had particularly good results with the use of 
metoe #pramide monohydrochloride. A few pa- 
tients with severe strictures and brachyesophagus 
do remarkably well with dilatations alone. As soon 
as possmle, we have them proceed with self-bougin- 
age. Petients who have esophageal strictures prior 
to surg cal correction of the EHH require very little 
further dilatation. Recurrence of a stricture suggests 
recurrence of the EHH. 


In r=ent years in our institution, the division of 
general surgery has preferred the Dor-Nissen repair 
of EHE. The success rate has been high and seems 
to avoid the “gas bloat syndrome” of the Nissen fun- 
dopliczion.'® 
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DUPLICATION OF THE ESOPHAGUS 
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Two patients vith tubular esophageal duplications and the embryologic development of the esophagus are presented. The several 
theories in the formation of the esophageal duplications have been reviewed. As of yet, no definite explanation can be advanced for this 


developmental anonaly. 


INTRODUCTION 


Duplications of the alimentary tract are rare con- 
genital malformations.'"* Even rarer are duplica- 
tions of the escphagus, especially in the region of 
the cervical emphagus.® This paper presents the 
clinical manifestations of such patients with signs 
and symptoms, their diagnosis, pathology and man- 
agement. Two cases are reported. Several theories 
as to the patnogenesis of these anomalies are 
discussed. 


CLINICAL MANIFESTATIONS 


Signs and Semptoms. There are two types of 
esophageal dup ications: cystic and tubular. 


Most patients with cystic duplications present in 
early childhood however, they may remain asymp- 
tomatic and shew only when complications occur. 
The presenting :ymptoms in early life may be an ex- 
panding mediasinal mass with symptoms referable 
to structures n the mediastinum being com- 
pressed.?~* 


1. Vascular compression. Cyanosis and engorge- 
ment of head amd neck vessels. 


2. Digestive. Difficulty in swallowing, regurgi- 
tation and vomiting. 


3. Respiratory. Dyspnea, obstructive emphy- 
sema and recurrent respiratory infections. 


4. Mediastinitis due to rupture of duplication. 


On the other hand, in tubular duplications pa- 
tients complain of recurrent dysphagia, distress on 
swallowing and occasional chest pain. When com- 
plications occur such as rupture, they present with 
all signs and symptoms of acute mediastinitis. 


Radiologic stadies reveal a cystic mass in the 
posterior media-tinum in cystic duplication. Bari- 
um swallow maz show either a tubular duplication 
with connection to the esophageal lumen or cystic 


duplications with no communication. In fact, they 
may show cystic compression with obstruction of 
the esophageal lumen. Careful endoscopy may 
reveal the opening in tubular duplications, while 
cystic duplications may show esophageal obstruc- 
tion. 


Such patients may also have other associated con- 
genital malformations.**’? Most of these occur in 
the vertebral bodies in the form of scoliosis, fusion, 
spina bifida anterior and hemivertebrae. Esopha- 
geal atresia distal to the duplication and various 
combinations of tracheoesophageal fistulas have 
also been reported.’ 


Histologically, tubular duplications have a 
stratified squamous epithelium similar to that of the 
esophagus and a submucosa containing glandular 
structures. There is a distinct muscular layer which 
often mingles with the muscular layer of the true 
esophagus as most tubular duplications occur in the 
wall of the esophagus. There is no serosa. 


In cystic duplications the mucosa varies between 
a stratified squamous epithelium to gastric mucosa 
with gastric glandular elements in the submucosa. 
The fluid may contain gastric secretions. There is 
again a definite muscular layer.*5 


Surgery is the treatment for these anomalies. 
Most of the literature on this subject is found in 
thoracic surgery publications. However, when dup- 
lications occur in the cervical esophagus. patients 
may present themselves to the head and neck 
surgeon. 


CASE REPORTS 


Case 1. This is a 54-year-old male whose present il ness started 
with fever and cough and was diagnosed as having acute pharyn- 
gitis. He was treated with Ancef®, and the fever subsided. 


Three weeks following this episode, he again developed fever 
and chest pain with some difficulty in swallowing and was ad- 
mitted to the hospital. Chest radiograph showed a widened medi- 
astinum. A bronchoscopy was performed which revealed the tra- 
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Fig. 1. Perforated esophagus with barium in mediastmum. 


chea pushed forward by a retrotracheal mass. A bariume=wallow 
revealed a perforated esophagus with barium going nto the 
posterior mediastinum (Fig. 1). Soon after, he was tak=n to the 
operating room and the mediastinal abscess was drainec through 
a left supraclavicular approach. He was started on intravenous 
antibiotics and the fever subsided. He was placed on nesogastric 
(NG) tube feeding which was removed in three weeks bezause the 
patient started losing weight. The left supraclavicular œain was 
gradually withdrawn and came out subsequently by itsesf. 


A repeat barium swallow revealed the fistula to be pænt still, 
but there was no collection. He was observed for a periael of one 
month when symptoms of mediastinitis recurred, and “his was 
drained through the previous drain site. During taese two 
hospitalizations, the patient had repeated direct laryneoscopies 
and esophagoscopies, and no abnormalities were noted He was 
discharged from the hospital and was being followed om «2 outpa- 
tient basis. During this time, the patient decided to have a second 
opinion. 


On physical examination, the drain tube in the lef supra- 
clavicular area was the only positive finding, with some illness in 
the left lower part of the neck. Mirror laryngoscopy wa normal. 


His previously done radiographs were obtained whicl revealed 
a conical outpouching from the cervical esophagus ox the left 
side. This reached the upper mediastinum (Fig. 2). 


Under general intubation anesthesia, the patient underwent an 
esophagoscopy using the Jesberg esophagoscope. Nə abnor- 
malities were noted. With the use of the Dedo micræaryngo- 
scope, the upper part of the cervical esophagus was emered just 
beyond the cricopharyngeus. At this time, a second lumen was 
seen in the wall of the cervical esophagus on the left side xt to its 
normal lumen (Fig. 3). The opening of this tract was zimost as 
wide as the normal esophagus, and the mucous membrame cover- 





Fig. Tubular duplication, partial, of cervical esophagus. 


ing it apx=ared the same as that of the esophagus. The tract came 
to a tap=ed end and was 5 cm long as measured with a filiform 
catheter Subsequent radiologic studies failed to demonstrate a 
second epening in the distal segment of the esophagus. 


Unde- general anesthesia. a left neck exploration was per- 
formed. During the dissection, a lot of fibrosis was encountered 
around -ae cervical esophagus. An assistant introduced a short, 
wide Je#=rg scope and the fistulous tract was visualized. A No. 12 
Jackson Fougie was inserted gently in the lumen of the double 
esophag s and palpated in the neck wound. Dissection was then 
incorpo» sted in the wall of the esophagus. The tract extended to 
the supexior mediastinum and came to a blind end. It was com- 
pletely moved. This left dehiscence in the esophageal wall 6.5 
cm lorg which was closed in two layers using 3.0 chromic catgut 
sutures. Whe esophagoscope was withdrawn. The patient was 
maintai=d on NG tube feeding for ten days. After a negative fist- 
ula test ae was started on oral feedings. Barium swallow done 
three months later failed to show any more tracts, and the patient 
has ren= ned asymptomatic since. 


Ligh+ nicroscope study of the removed specimen revealed a 
tract eared with stratified squamous epithelium with subepi- 
thelial rosis and chronic inflammatory changes. Esophageal 
glandul= elements and a muscular wall could be identified (Fig. 4). 


Case = A 55-year-old male presented himself with difficulty on 
swallow ng of three months’ duration. He had enjoyed a healthy 
life. Head and neck examination was normal, and chest radio- 
graph was normal. He was advised to stop drinking all types of 
alcohclx beverages and placed on a bland diet. However, his 
symptoaes persisted and subsequently he underwent a barium 





Fi. 3. Two openings in the lumen of the cervical esoph- 
agus Bougie on right in main lumen (arrow). Opening on 
left < duplicated esophagus (double arrow). 
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swallow which revealed a double esophagus in the thoracic seg- 
ment with narrowing of the proximal esophagus (Fig. 5). 


At esophagoscopy a moderate stenosis was seen in the proximal 
esophagus; however. a No. 7 Jackson scope could be introduced. 
Passing through the narrow segment, a larger lumen was seen and 
two openings in the limen of the esophagus were identified. No 
attempts were made to pass the scope into the secondary open- 
ings. 


Postoperatively the patient did well. He was advised as to the 
nature of the disease and managed only by dietary advice and 
chewing habits. He has done very well since and is minimally 
symptomatic with occasional difficulty on swallowing. No surgi- 
cal correction was advised. 


DISCUSSION 


The terminology of alimentary tract duplications 
is indeed confusing.’ They have been commonly 
called enterogenous cysts, enteric cysts, gastroenter- 
ic cysts, etc. In most of the alimentary mediastinal 
cysts, no communication exists with the lumen of 
the esophagus. 


In contrast te cystic anomalies, most tubular re- 
duplications have been found to communicate with 
the esophageal lumen and are intimately related to 
the wall of the true esophagus. These can occur in 
different combinations (Fig. 6). 


To understand this anomaly, a brief summary of 
the embryology of the esophagus is in order.'°"! At 
around the age of 2 weeks, the entodermal epitheli- 
um has started to form the primordial buds for the 
future formation cf the esophagus and tracheobron- 
chial tree. At the age of 4 weeks, a definite groove 
appears separating the trachea from the esophagus. 
There is no actual lumen at this time. By five weeks, 
the esophagus elongates and the epithelial cells 
become two-layered. By the seventh week, vacuoli- 
zation sets in and starts the formation of the 
primitive lumen. With the gradual development of 
the embryo, these vacuoles coalesce and form the 
definitive lumen of the esophagus on the human 
fetus. 


Fig. 4. A) Light micrescopy reveals 
stratified squamous epitheliam with sub- 
mucosa E muscular layer m duplicated 
esophagus (H & E, x25). B) Glandular 
structures in submucosa (H & E, x40). 


Several theories have been advanced to explain 
the origin of the esophageal duplications: 


l1. Errors of revacuolization. This theory was ad- 
vanced originally by Keith’? and later supported 
and elaborated upon by Bremer." During the em- 
bryonic development of the esophageal umen, er- 
rors or malfusions occur in the esophageal vacuoles 
with persistence of the latter resulting in cystic 
malformations. However, this theory fails to ex- 
plain tubular duplications. 


Fig. 5. Tubular duplication of thoracic esophagus. Left 
oblique view. 
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Fig. 6. Types of tubular esophageal duplications 
reported in the literature. 


2. Attempts of twinning. This theory, advanced 
by Ravitch,'* does not hold well because duplica- 
tion of other structures in and around the esopaagus 
has not been encountered. 


3. Alimentary diverticulae. Lewis and Thyng'* 
advanced the theory that most duplications arose 
from <climentary tract diverticulae. Such diver- 
ticulae are commonly found in animals, eg, pigs, 
rabbits, etc, but have been rarely described in 
human fetuses. They are even rarer in the region of 
the escphagus. This theory also does not explain 
cystic duplications. 


4. Netochordal theory of Veeneklass.'® In 1952, 
Veeneklass advanced the theory that during em- 
bryoni2 life, the notochord is adjacent to the 
primordium of the esophagus and that during nor- 
mal owth the notochord separates from the 
esophazus. In errors of development, the notochord 
does net separate from the primitive esophagus and 
with further growth, that portion of the esophagus 
separa es from the rest of the developing esophagus 
and this forms a cyst between the vertebral bodies 
and the normal esophagus. As mentioned earlier, 
such patients have abnormalities of the vertebral 


bodies 


As cf yet, there is no clear cut explanation for 
duplications of the esophagus. A review of the liter- 
ature failed to disclose an experimental animal 
model. 


The present authors believe that the two types of 
duplications, ie, cystic and tubular, have separate 
origins in their development. None of the above 
theories satisfactorily explains the pathogenesis of 
these errors of development. The authors them- 
selves have no theories of their own to offer. 
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Horseradish peroxidase (HRP) is used to trace axonal connections from the motor end-plate to the driving neuron. This technique has 
confirmed that the neurons activating the sternothyroid muscle are located in the cervical spinal cord, while those controlling the posterior 
cricoarytenoid (PCA) are found in the nucleus ambiguus ipsilaterally. Eight rabbits underwent a sternothyroid ansa pedicle implantation 
to the PCA at the time of sectioning the recurrent laryngeal nerve ipsilaterally. After two months, four of these animals received HRP injec- 
tions into the previously implanted PCA. Brainstem staining HRP did not reveal any retrograde transport to the motor neurons that were 
known to control the sternothyroid. Possible reasons for the failure of retrograde transport are discussed. 


INTRODUCTION to have the PCA replaced with fibrous tissue at au- 
topsy. Another possibility we felt was that the scari- 
One of the more vexing problems in otolaryngol- fication of the inferior constrictor muscle at the 
ogy remains vocal cord paralysis. This is frequently time of implantation led to tethering or neural in- 
idiopathic, but may result from surgical, traumatic growth sufficient to provide the noted abduction. 
or neoplastic causes. Following axonotmesis of a We had noticed that delay between the time of de- 
recurrent laryngeal nerve, the crossed regeneration nervation and implantation of pedicle was inversely 
of fibers to abductors and adductors will leave the related to the likelihood of success. Accordingly, we 
patient with a functionally paralyzed vocal cord in chose a model for reinnervation where all known 
the paramedian position. If both recurrent nerves factors would be favorable for success. ie. the meth- 
are severed, an inadequate airway results, since od of sternothyroid implantation was >erformed 
there is no muscle functioning to abduct the cords in during the same operation as the severing of the 
inspiration. It is this situation that has inspired recurrent laryngeal nerve (RLN). 
many to attempt to develop procedures to reinner- 
vate the posterior cricoarytenoid (PCA) muscle. METHODS 
The surgical attempts at selective reinnervation All work was carried out in New Zealand white rabbits. The 
of the PCA have either involved direct implantation initial reinnervation surgery was performed at 1.5-2 kg. Animals 
of the proximal end of the recurrent nerve or trans- were then maintained for eight weeks prior to evaluation. 
posing another nerve and suturing it to the muscle Type 4 horseradish peroxidase (HRP) (Sigma) was used as a 
fibers of the PGA.'-3 Varying degrees of success neuroanatomic tracer. A 0.05 ml aliquot of 30% HRP in normal 


saline was injected into the muscle to be studied. An amount suffi- 
cient to produce a definite brown discoloration of the muscle was 
used. If we wished to trace from the nerve itself, 2 Gelfoam® 


have been reported in nearly all series and the rea- 
sons for success or failure were not clear. The best 


clinical results have been achieved by Tucker* using pledget soaked with 30% HRP was wrapped about the cut nerve 
a neuromuscular pedicle based on a branch of the end. 

ansa cervicalis to a strap muscle. Electromyo- The injection of the aliquot was done transorally via a 25.4 cm 
graphic (EMG) work has confirmed that the omo- long hypodermic needle fashioned from 22 gauge steel tubing, 
hyoid or sternothyroid muscles fire at the onset if in- after elevation of the larynx using a pediatric Jackson laryngo- 


spiration during labored respirations induced by it ie 


hypercapnea or increased airway resistance. This 
muscle has the added advantage that its subsequent 


Seventy-two hours following the HRP injection. the rabbits 
were perfused with 500 ml Ringer’s lactate at 37°C te wash out as 


paralysis is not noticed by the patient. TABLE 1. RESULTS OF HRP INJECTIONS INTO STRAP 
MUSCLES 
: . . f h 
The purpose of this study was to elucidate further i. E de 


the mechanism of the clinical improvement after No. Site Eriection inthe Hae E S 
the ansa pedicle reinnervation. Our previous work 7. ae 2 r 
in dogs had led us to believe that there were other i Steroid thyroid 34 

possible reasons for abduction postsurgery than just 2 0 
reinnervation. Some chronic animals had apparent 3 Ansa pedicle 32 0 
abduction with stressed ventilation, but were found 4 Ansa pedicle 22 0 


Steroid thyroid 19 
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TABLE 2. LABELING OF NEURONS FOLLOWING 


INJECTION OF PCA OF UNOPERATED ANIMALS 


Labeled Cells 


Rabbit No. Spinal Cord Nucleus Am ziguus 
5 15 17 
6 15 18 
7 18 21 


much blood from the brain as possible. Immediately fe!lowing, 
they were perfused with 2% glutaraldehyde to fix the tissue in 
situ. The brainstem and cervical spinal cord were then removed 
and transferred to 20% sucrose in phosphate buffer. They were 
subsequently cut into 40 » horizontal sections and reacted with 
H,O, and trimethyl benzidine and counterstained wit» neutral 
red. 


Data retrieval consisted of viewing every fifth sectien under 
phase contrast microscopy and counting the cells containing the 
reaction product. 


RESULTS 


Four rabbits were used to map the projections of 
the ansa cervicalis into the spinal cord. The motor 
neurons labeling with the HRP were found to be 
strongly labeled and entirely contained within the 
periaqueductal grey region of the anterior horn. 
The rostral-caudal extent of this tract was entirely 
confined to cervical levels 1 and 2 and did not ex- 
tend into the medulla where confusion with the nu- 
clei of the vagus was possible. There were essenti- 
ally no contralateral projections. The results are 
summarized in Table 1. The specific mapping of 
each strap muscle is the topic of another artiele now 
in submission. 


Four animals were used for EMG and histologic 
studies of their larynges after innervation. Six to 
eight weeks following their ansa pedicle implanta- 
tion the ability to abduct the vocal cord under hy- 
percapnic drive was again assessed. In each case, 
the visual appearance was that of a unilateral vocal 
cord paralysis. Histologically, however, the ansa 
pedicle was in place without muscle atrophy. There 
was little fibrous tissue bridging from the pharyn- 
geal constrictor fibers to the PCA, and the muscle 


appeared well vascularized. The EMG potentials 
recorced from PCA at the time of inspiration were 
of low amplitude and impossible to differentiate 
from ‘he transmitted firing of surrounding muscles. 


The final study consisted of retrograde tracing 
from -he left posterior cricoarytenoid to its inner- 
vating neuron. In the control (unoperated) animals, 
there was heavy labeling of the nucleus ambiguus 
ipsilaterally (Table 2). The four animals with recur- 
rent LExryngeal nerves and ipsilateral ansa pedicle 
implants did not show any label in either the nu- 
cleus ambiguus or the anterior horn cells of the up- 
per spinal cord. In fact, they showed no labeled 
cells et all. 


Ceeclusion. It is clear from this data that we can- 
not decument a neural connection to the PCA eight 
weeks following pedicle implantation and section of 
the RLN. We did not expect that reinneravtion via 
sprou ing from the RLN would be likely since the 
centimeter segment was removed far from the lar- 
ynx. However, we did anticipate innervation either 
from 5ther nearby vagal efferents or from the im- 
planted ansa cervicalis fibers. 


DISCUSSION 


On2 cannot conclude from this data that reinner- 
vation is not the method by which eventual return 
of abduction is achieved. We do not know of any 
studies where the time course of an axon’s ability to 
transport HRP has been studied following transpo- 
sitions such as the ansa pedicle implant. It has been 
possił le to transport HRP across a neurorrhaphy of 
the p=roneal nerve in rats at three months, but 
many of the cells did not label.® It is possible that 
we dad not wait long enough for reinnervation to 
suffic ently establish itself for HRP transport. It is 
also possible that the dynamics of HRP transport are 
different postreinnervation such that longer than 72 
hours is necessary to achieve labeling of cells in the 
brainstem. Finally, the experimental sample is 
small and random chance may have caused us to 
fail tc find labeled cells in the implanted animals. 
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Sophisticated ex doscopic techniques coupled with new developments in medical videotaping have made this combination a clinically 
useful technique in the diagnosis and management of laryngeal cancer. Preoperative tapings in the physician’s office and taping at 
laryngoscopy and beorsy allow for better assessment and permanent record of size and location of lesion, location of biopsies, and 
physiologic impairn=nt of laryngeal function. All persomnel participating in treatment including radiotherapists, surgeons. pathologists, 
radiologists, chemotnerapists, and speech therapists can clearly see the lesion and contribute more usefully to decisions regarding treat- 
ment. Videotaping curing and after radiotherapy and chemotherapy and after partial laryngectomy can aid in assessing response to treat- 
ment, provide a permanent record for comparison, and aid in detecting treatment failure or recurrence. Finally, these techniques aid our 
educational process or future physicians by permanently and objectively recording the appearance of lesions, treatment, and outcome. 
(The presentation included actual videotape material used in the processes described.) 


The combinetion of modern endoscopes and 
videotaping techniques has given us a new tool in 
the objective evaluation of laryngeal lesions and 
their resultant e fect on the airway, vocal cord, and 
voice function. Information obtained in this way 
may alter our understanding of laryngeal cancer, 
the natural history of disease, and the effect of 
treatment. 


Just as CT scanning has extended our ability to 
evaluate cartilaginous invasion,'? extension to pre- 
epiglottic space, and nodal metastases, videotaping 
gives us the best assessment of mucosal extent, air- 
way, vocal cord motion, and proximity to nearby 
important anatomic structures. 


From May 1979 to March 1981, we recorded 123 
patients with leryngeal lesions, 97 preoperative- 
ly/postoperativeky in the clinic, and 26 during 
direct laryngoscopy in the operating room. The 
technique and sdected cases are presented to dem- 
onstrate the usefulness of these methods in the clinic 
and the operating room. 


Size of airwar, vocal cord mobility, and voice 
quality can best be evaluated in the outpatient clin- 
ic with the 90° \W/ard-Berci laryngoscope with con- 
comitant voice amd videorecording. No anesthesia is 
required in most patients. Topical anesthetic spray 
is useful in some patients and the rare patient who 
has a hyperactive gag reflex can be recorded with 
5-10 mg of IV d azepam. The telescope is inserted 
similar to a mirræ and the examiner can either view 
through the telescope if one uses an articulating 
arm, or on the teEvision monitor. 


_ Storz Hopkins rcd telescopes (90°, 0°, anc 70°) 


(Fig. 1) were coupled to a videocamera directly or 
through the Storz articulating arm. Although we 
used a Hitachi FP-1020 three-tube broadcast cam- 
era, recent lightweight one-tube cameras such as 
the Sanyo-Syn Optics, Hitachi GP-5 mecical cam- 
era, or the Circon MV9270 can also be used for the 
purposes discussed here although with some de- 
crease in image quality. We used a sophisticated 
editing system with one inch (25 mm) type C Ampex 
VTRs which permits complete control over film 
speed including still framing, but standard %/, in 
(18.75 mm) videoplayers such as are used for home 
videorecording permit repeated evaluations of the 
findings and permanent recording of the data. Re- 
cordings can be done via indirect laryngoscopy in 
the clinic or directly in the operating room (Fig. 2). 


With direct laryngoscopy, under general or topi- 
cal anesthesia, extension along mucosal surfaces can 
be assessed and recorded. The 0° telescope gives the 
best view of the overall airway and the size of the le- 
sion. By placing a calibrated marker on tne lesion, 
size in millimeters can be directly measured. Al- 
though the 70° telescope has more angular distor- 
tion, tumor extent relative to structures such as an- 
terior commissure, ventricles, false cord. and sub- 
glottic larynx can be measured indirectly. Biopsy 
sites can be recorded interoperatively using either 
the 0° or 70° telescope. 


The recordings made serve several purposes. A 
permanent record of voice, size of lesion, airway, 
and vocal cord mobility is recorded in the clinic. 
Size, extent of lesion, proximity to important ana- 
tomic structures and biopsy location are recorded 
and measured in the operating room. 
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This information is used in several ways. 


Type and Extent of Operation. Mucosal margins 
of tumor can be easily evaluated and proxim ty to 
anterior commissure, vocal cord, and subglotxc ex- 
tension observed and measured with the us= of a 
calibrated marker. To date, decisions regardi-g ex- 
tent of lesion have been accurate as confirme= dur- 
ing definitive resection. 


Adequacy of the Airway. Although adequacy of 
the airway can be judged without recording im most 
cases, a patient with borderline airway cm be 
videotaped and the videotape replayed s=veral 
times to assess the airway at leisure rather than 
repeating examination of the patient. 


Size of Lesion for Accurate Staging. Once = per- 
manent record which includes vocal cord modon is 
obtained, staging of lesion can be accomplished eas- 
ily and if a question regarding stage comes up at a 
later date, the tape can be replayed to check te ac- 
curacy of the original decision. 


Voice Quality. Voice quality is perma-ently 
recorded for reference or comparison of pos -reat- 
ment voice. Such questions as comparison of voice 
quality for the T2 lesion treated by diferent 
methods (radiation vs partial laryngectomy) ean be 
answered by having an impartial trained l&tener 
decide on voice quality without knowing hov each 


Fig. 2. The 70° telescope is used 
through a laryngoscope connected 
to a television camera via a Storz 
articulating arm. 


Fig. 1. Hopkins rod telescopes. 
Upper: 70° telescope. Middle: 90° 
Ward-Berci laryngoscope. Lower: 
0° telescope. 


patient was treated simply by listening to the voice 
on the audio channel of each pretreatment and 
posttreatment recording. We have not yet per- 
formed this study but are recording each patient’s 
voice fer this purpose. 


Vocal Cord Mobility. Assessment of vocal cord 
mobil:ty is easier when one can replay the record 
and is :implified when one can use an editor with 
slow motion and stop-frame capability. We have 
two cases where our visual observation regarding 
vocal rd paralysis was shown to be incorrect on 
subsecwent examination of the videotape. 


Consultation. Interdisciplinary head and neck 
tumor conferences with clinical radiologist, pathol- 
ogist, seech pathologist, radiation therapist, and 
chemotherapist are vastly improved by the use of 
videotape. In the past, the head and neck surgeon 
used indirect laryngoscopy to view the lesion and 
then describe it to his colleagues. Now each con- 
sulting clinician can personally see the lesion. This 
serves to improve our colleagues’ understanding of 
cancer of the larynx and improves the relevance of 
their ccnsultation. In questionable cases, the video- 
tape of the larynx can be sent with histological ma- 
terial to another institution for consultation. 


Assessment of Response to Radiation Therapy or 
Chematherapy. All participating physicians, in- 
cluding radiation therapists and chemotherapists, 
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can view the lesion and evaluate response to treat- 
ment. In these days of chemotherapy protocols, 
such evaluations can be made by a third party who 
does not know which arm of the study the patient is 
in, therefore giving a more objective assessment of 
response. 


Patient Education. Patients with laryngeal 
cancer frequently have poor understanding about 
the anatomy, physiology, and pathology of the 
larynx. By showing them the recording of their own 
lesion, better explanation of the disease and its 
treatment is possible. We can also show them post- 
treatment results of other patients with similar le- 
sions to obtain better informed consent. 


Education of Medical Students. By videotaping 
many patients with laryngeal cancer, we can vastly 
improve the exposure to pathology for these stu- 
dents. In the past, their experience was limited to 
the patients on the service during their head and 
neck surgical rotation. 


Education of Primary Care Physicians. Primary 
care physicians rotating through otolaryngology 
need to learn about laryngeal cancer. The graphic 
impact of these lesions on videotape makes a much 
stronger impression than a verbal description. 


Education of Head and Neck Residents. Our own 
residents can be given a rich experience in car- 
cinoma of the larynx early in their training pro- 
gram. In addition, we use videotape to observe a 
resident’s technical skills during biopsy or en- 


doscopic procedures. By playing back the record- 
ing, we can point out good and bad technique to the 
resident. The instant replay features permit much 
quicker feedback than recording on movie film. 


By having an objective record of the lesion and 
simultaneous voice recordings, we can use this data 
to accomplish all of the above goals. 


The pioneering work of Holinger’ in cinephotog- 
raphy of the larynx and recent work by Ward and 
Berci* led to the use of videotape for the objective 
documentation of laryngeal lesions. The develop- 
ment of a high output light source and high quality 
optics permit the recording of laryngeal lesions on 
videotape. The flexibility to edit tape and the lower 
production costs (approximately one half of movies) 
and the instant replay features make video an at- 
tractive method for recording laryngeal lesions. Re- 
cently lightweight cameras have been adapted to 
endoscopes of all kinds including arthroscopes, gas- 
trointestinal endoscopes, and laparoscopes. Video- 
recording and playback equipment is also becoming 
more available in medical centers, general hospi- 
tals, physicians’ offices, and even in the home. 


Although the initial cost is high ($4,090 for three 
endoscopes, $4,000 for the light source, and $3,000 
to $60,000 for recording and editing equipment), 
once the recordings are made they can be used in 
several ways: first, for clinical decisions regarding 
the patient’s care; later for the education of patients 
and primary care physicians and specialists in head 
and neck surgery. 
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MANAGEMENT OF LARYNGOTRACHEOESOPHAGEAL CLEFT 


ROBIN T. COTTON, MD f; TRACY SCHREIBER, MD 
CINCINNATI, OHIO 


Laryngotracheoesophageal cleft (LTE) is a rare disorder that is still associatec with a high mortality. Often the mortality is associated 
with other coexisting severe congenital anomalies, but even in those infants in wham the LTE cleft is the only anomaly, the mortality rate 
is still unacceptably high. This paper explores two avenues aimed at reducing theraortality. There are two main factors responsible for the 
high mortality. First, the diagnosis may be difficult and hence delayed; and secar=, once the diagnosis is made, management reported to 
date does not adequately prevent aspiration of stomach contents, which is the maiasmechanism of the infant’s death. With respect to early 
diagnosis, the key symptom is respiratory distress exacerbated by attempts at feed. The key diagnostic radiological procedure is a cine- 
esophagram which shows a high spillover of contrast into ‘he trachea on swallow mg. The definitive diagnosis is made by endoscopy. En- 
doscopic evaluation can be confusing but if the anomaly is considered by the surg2=", an important maneuver at endoscopy, under general 
anesthesia, is to pass an endotracheal tube into the larynx. The tube stents open thesedges of the cleft, which can clearly be seen while per- 
forming esophagoscopy, thus confirming the diagnosis. Win respect to early manazement, the commonest cleft is a partial LTE cleft. In- 
itially the airway should be maintained either by placement of an endotracheal tz »e or a tracheotomy. The more entensive the cleft, the 
more easily does the indwelling tube slip over the edge of the defect into the esopkagus. In all but the mildest of clefts, gastric decompres- 
sion and alimentation are required. This still allows for comsiderable reflux of gastz contents into the lungs, and we advocate a high total 
gastric section with a double gastrostomy to minimize the possibility of aspiration » stomach contents. After the infant's general condition 
is stabilized, definitive early surgical repair is undertaken. This paper includes ace-ailed case report of one patient, illustrating the above 
points of early diagnosis, total gastric division and early repair. 


INTRODUCTION posterier cleft limited to the larynx is an anomaly 
compa le with life and its occurrence, therefore, 
cannot be truly evaluated since with careful medi- 
cal mazagement and with growth and development 
of the child, symptoms of this anomaly usually sub- 
side. Taus Montgomery and Smith’ reported a case 


The purpose of this report is to add a further case 
of laryngotracheoesophageal (LTE) cleft to the 59 
cases documented in the English literature’ end to 
stress that early diagnosis and management s the 


key factor in reducing the high mortality rate of this of post=rior cleft limited to the larynx diagnosed at 

disorder. Total gastric division rather than gastros- the ag= of 48. There was no reported history of 

tomy is advocated to prevent aspiration of stemach neonatal respiratory or feeding difficulties, though 

contents. three episodes of pneumonia occurred between 1 
LTE is a rare congenital anomaly that is asso- and 15 years. 

ciated with a high mortality. This reflects not only 

the severity of the anomaly itself, but the conse- CASE REPORT 


quences of delayed diagnosis and treatment. and 


other coexistent major congenital anomalies. A ma was born on September 15, 1977, to a 28-year-old 


mother aer 36 weeks of pregnancy complicated only by marked 
The cleft involves the absence of fusion of the pos- polyhyd=amnios. Birth weight was 2,608 g and Apgar rating was 


; a ; 8. Because of an imperforate anus the child was transferred to a 
terior cricoid lamina, thus creating an abnormal children hospital for further care. Only mild respiratory distress 


communication between the larynx and hypephar- was note. Feedings were withheld because of the anticipated re- 
ynx. The defect in partition may be confined to the pair of t= imperforate anus. At the time of intubation for this 
larynx, or extend down the tracheoesophagea! sep- surgery the day of birth) some difficulty was encountered, and 


laryngess=py, bronchoscopy and esophagoscopy performed. A 
prelimir=y diagnosis of LTE cleft was made, confirmed by cine- 
barium wallow and a nasogastric tube inserted under direct vi- 


tum to the carina (Fig. 1). Various terms have been 
used to describe this defect, including LTE cleft 


and persistent esophagotrachea. The relative in- sion. Sewezal episodes of cyanosis occurred in the first few days of 
cidence of these clefts is not known, except to note life due = both the displacement of the tracheotomy tube over the 
that they are rare. In 1975 Cohen? reported on 7 inferior margin of the cleft into the esophagus and to aspiration. 
cleft cases, 4 of which were confined to the larynx, Bilatera_ wei tubes were inserted on the fourth day of life. 
and stated that his review of the literature to date m re a oela e baby hg a i sa asin 
i ; i ospita ical Center, Cincinnati, for further management. 
revealed only 2 or possibly 3 of approximately 30 Upon ar wal the child’s condition was stable with two chest tubes 
reported LTE clefts limited to the larynx. However, present aud tracheotomy and nasogastric tubes in place. 
he pointed out that while the more extensive cleft is On tł= day, laryngoscopy, bronchoscopy and esophagoscopy 
incompatible with life unless surgically repaired, were pesormed. With an endotracheal tube in place, stenting 
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open the mergins cf the cleft, the diagnosis of LTE cleft was read- 
ily confirmed. Wi hout the endotracheal tube in place the mar- 
gins of the cleft readily came together, and it was easy to appreci- 
ate how easily the diagnosis could be missed. Using the measuring 
technique described by Fearon and Whalen‘ the cleft extended 3 
cm below the level of the vocal cords. Above the carina there were 
2.25 cm of intact wall between trachea and esophagus (F ig. 1B). 
The total length of the trachea was 5.25 cm and the tracheotomy 
entered the trachea a few millimeters below the inferior margin 
of the cleft. With the diagnosis confirmed, a high gastric division 
with double gastrestomy was performed (Fig. 2) preserving the 
innervation and vascular supply to the two segments of stomach. 
The stomach segments were closed with surgical staples. The up- 
per gastrostomy tude was solely for drainage purposes, while the 
lower was fer feedings. Following this maneuver, the danger of 
aspiration was much reduced over the conventional gastrostomy. 
The chest tues we-e removed the following day, and on Septem- 
ber 26, 1977, the AP chest radiograph was reported 2s normal, 
apart from the presence of a tracheotomy tube. 


At this poiat, it was felt the baby was out of any immediate life- 
threatening situaticn and that some weight gain would be appro- 
priate prior to definitive repair of the cleft. Stabilization of the 
tracheotomy tube, however, was a problem, and the baby had 
several episodes of sespiratory distress and cyanosis caused by the 
tracheotomy tube slipping through the cleft into the esophagus. A 
variety of tracheotomy tubes of various lengths and different con- 
sistencies weve triec , but the problem recurred. Definitive repair 
was then per-ormec on October 19, 1977. 


General anesthesia was induced through the tracheotomy tube 
and continued via a 3.5 mm Portex® endotracheal tube. The 
neck and chest area was prepped in the event a thoracotomy 
might be necessar~, but the intention was to repair the cleft 

' through a cervical approach. Via an incision along the anterior 
border of sternocleclomastoid muscle (Fig. 3A), the major vessels 
of the neck were dissected and retracted laterally. A posterolateral 





Fig. 1. A) Cleft larynx. B) LTE cleft (partial). 
C) LTE cleft (complete). 


hypopharyngotomy and upper esophagotomy were performed 
(Fig. 3B) exposing the cleft (Figs. 3C and 4C). With some upward 
traction the inferior margins of the cleft could be elevated from 
the mediastinum into the surgical area. The arytenoid promin- 
ences could be seen. 


Two flaps of mucosa were elevated from the esophagus (Figs. 
3D and 4D) to create a two-layer closure (Figs. 3E., F and 4E). No 
attempt was made at interarytenoid closure for fear of creating a 
supraglottic stenosis. The hypopharyngotomy and esophagotomy 
were closed in two layers (Fig. 4F), followed by the neck wound, 
and a drain left in place. 


Postoperatively the child progressed well. A barium swallow 
performed on November 1, 1977, identified some pharyngonasal 
reflux, no tracheoesophageal fistula, and a minimal amount of 
contrast material aspirated into the trachea. Endoscopy was per- 
formed on December 10, 1977, at which time the pertinent find- 
ings were right vocal cord paresis, normal left cord mobility; tra- 
cheomalacia; intact tracheoesophageal septum, and normal esoph- 
agus. 


We felt in no hurry at this point to perform any further restora- 
tion surgery and the patient was discharged home on tracheotomy 
and gastrostomy care and sham feedings. Three episodes of pneu- 
monia occurred from 2 to 14 months of age, since which time 
there have been no pulmonary problems. 


The tracheotomy was removed on November 8, 1978: reanasto- 
mosis of the stomach was performed on October 1, 1979: barium 
swallow on May 29, 1980, was normal, and the gastrostomy re- 
moved. The patient's present weight is 13.5 kg (25th percentile) 
and height is 95 cm (50th percentile). He is taking all feeding by 
mouth without difficulty. 


DISCUSSION 


Richter‘ is credited with the first diagmosis of this 
anomaly in 1792 though, as no autopsy was per- 
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Fig. 2. Total gastric division with preservation of neu~»- 
vascular supply and double gastrostomy. Arteries: a - bft 
gastric artery; b - right gastric artery; c - right gasto- 
epiploic artery; d - left gastroepiploic artery; e - short gas- 
tric artery. 


formed, the case is not verified. Finlay® desc~ibed 
the second case in 1949, and the first successfu sur- 
gical repair was reported in 1955.’ In all, 59 cases 
have been documented in the English literature at 
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last review.’ There is an extensive European 
literature on this subject however. The mortality re- 
mains high, in part due to coexistent major anomal- 
ies such as tracheoesophageal fistulas and/or esoph- 
ageal atresia or cardiovascular and pulmonary 
defects. The embryology and histopathology has 
been extensively reviewed in the literature.’ 


The clinical presentation is that of respiratory 
distress, feeding problems, and repeated aspiration. 
It is important to note that in this case report the 
first feeding was withheld because of the imperfor- 
ate anus, and the diagnosis was made prior to any 
feeding. The symptomatic severity is likely to be 
proportionate to the extent of the cleft, and small 
clefts may remain asymptomatic for a long period 
of time.’ The diagnosis is made by careful consider- 
ation cf the history, an awareness of the anomaly, 
radiographic studies and endoscopy. 


In the maternal history, polyhydramnios is com- 
monly mentioned in the literature. Symptoms of 
respiratery and feeding problems in the neonate 
(Table 1) will lead the astute physician to consider 
the anomaly and proceed with radiographic and en- 
doscopie evaluation. 


A cine-esophagram will show spillover of contrast 
medium into the trachea, but may be negative un- 
less carefully performed.’ The radiologist should be 
alerted to the possibility of multiple tracheoesopha- 
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Fig. 3. Repair of LTE cleft. A) Cervical incisie n. B) Posterolateral hypopharyngotomy and upper esophagotomy. Cath- 


eter l in pharynx; catheter 2 in lower esophagus. Q Traction on retraction sutures on cut noe of esophagus reveals endo- 


tracheal tube anteriorly. Note catheter into lower esophagus and the inferior extent of the cle 


t. Arytenoids are prominent. 


D) First layer of closure using esophageal mucosal flaps, starting de ia and inferiorly and working towards center. Su- 


perior limit is at the level of vocal cords. Sutures are submucosal an 


-incomplete. F) Second layer of closure - complete. 


do net enter tracheal lumen. E) Second layer of closure 


404 COTTON-SCHREIBER 





F l Levine 


geal fistulas and/or esophageal atresia existing in 
conjunction with a LTE cleft. 


The endoscopic examination is crucial to making 
the definitive diagnosis. Unless the lesion is consid- 
ered by the endoscopist, however, the lesion may 
not be diagncsed. The literature has many reports 
indicating difficulty and delay in the diagnosis of 
these clefts.” '' If the lesion is considered, and en- 
doscopy perfcrmed with an endotracheal tube in 
place, the edges of the cleft are separated by the 
stenting action of the tube, and the cleft becomes 
obvious. If this step is omitted, then the edges of the 
cleft tend to approximate, and the diagnosis is 
missed. This maneuver does not appear to be 
stressed in the previous literature. 


The differential diagnosis has been carefully con- 
sidered by Cohen? and includes other anatomical 
defects, central nervous system lesions, esophageal 
disorders, and a variety of neuromuscular disor- 
ders. In the management of a LTE cleft, it is impor- 
tant to provid2 respiratory support, prevent aspira- 
tion and perfcrm appropriate surgical repair. 


Respiratory support may be provided by an endo- 
tracheal tube nitially, but a tracheotomy will soon 
be required. Burroughs and Leape’? reviewed the 
literature in 1974 and found that all patients who 
were operated on required tracheotomy for pro- 
longed periods: cf time (1-4 years) and the situation 
has not improved since that time. The more exten- 
sive the cleft, 10wever, the less secure is the airway 
because the tabe has a constant tendency to slip 


TABLE 1. SYMFTOMS OF RESPIRATORY AND FEEDING 
PROBLEMS IN THE NEONATE 


Respiratory distress 
Cyanosis 

Weak or absent cry 
Stridor 

Intermittent apnea 
Feeding problems 
Excessive secretions 
Aspiration pneumonia 


Fig. 4. Repair of LTE cleft ‘transverse sec- 
tion). A) Diagram of cleft between trachea and 
esophagus. Notice some deficiency in tracheal 
rings. B) Endotracheal tube used as a guide to 
sizing the trachea to be created at repair. Note 
the site of hypopharyngotomy ard upper esoph- 
agotomy. C) Esophageal mucosal flaps elevated, 
borrowing tissue from esophagus to create tra- 
chea. D) First layer of closure, showing submu- 
cosal placement of sutures and kmots away from 
tracheal lumen. E) Second layer of closure not 
directly overlying first layer. F) Repair com- 
pleted. 


over the inferior edge of the defect and into the 
esophagus. 


Once the airway is secure, it is imperative to pre- 
vent aspiration. Gastric decompression and alimen- 
tation by tube are essential, as the most critical 
problem of an infant with a LTE cleft is that of re- 
peated aspiration leading to pneumonia and death. 
A nasogastric tube may be sufficient initially, but 
has two dangers. First the presence of a nasogastric 
tube may contribute to reflux and aspiration, and 
secondly the tube may dislodge forward through 
the cleft to obstruct the airway.'* For these reasons 
a gastrostomy has been the recommended proce- 
dure in the past. However this does not eliminate 
the danger of aspiration, as evidencec by the fact 
that the literature quotes many examples of serious 
aspiration problems even though gastrostomy has 
been performed, both before’*''® surgical repair of 
the cleft and after repair.'®'’ For this reason, it is 
important to minimize the possibility of reflux of 
gastric contents into the esophagus until after both 
successful surgical repair of the cleft and restoration 
of adequate esophageal physiology. This may take 
several months. For this reason we would recom- 
mend a high gastric division and dowble gastros- 
tomy as early as possible in the management of this 
condition, before the child either succumbs to mas- 
sive aspiration or the lungs are irreversibly dam- 
aged. Although this has been alluded to briefly in 
the anesthetic literature,'* the authors have not 
found a case report in the surgical literature. 


For extensive clefts, the surgical procedure of 
choice is the posterolateral pharyngoesophagotomy 
approach. This appears to be the most widely used 
procedure. The anterior approach through a laryn- 
gofissure technique has been used for short clefts'®""! 
but there is no reported long-term survivor when 
this approach has been used for the long partial 
cleft or complete cleft. ° 


CONCLUSIONS 


Laryngotracheoesophageal cleft is a rare disorder 
that is still associated with a high mortality. 
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In attempting to diagnose a child who is aspir- 
ating the endoscopist should look specifically for the 
cleft with an endotracheal tube in place. This stents 
open the margins of the cleft. 


Aspiration is the major cause of death. Gastros- 


tomy aone is insufficient to prevent recurrent aspir- 
ation before or after surgical repair. High gastric di- 
vision ith double gastrostomy is recommended as 
early izitial management, with later reanastomosis 
once as2quate physiology has been restored follow- 
ing repair of the cleft. 
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Many vegetable foreign bodies can produce serious pulmonary complications because of chemical irritation to the airway. Barley 
grass, a type of grasshead, does not induce such a reaction because of its resistance to organic decay. Complications which may occur are il- 
lustrated by the clinical course of two patients with aspiration of this foreign body. In the first patient the grasshead entered the trachea 
with the flowering unit first and the stem following. In the second patient the stem entered the trachea first. Recurrent pneumonias were 
noted in the first patient. Despite its presence in the right stem bronchus for three years, no further episodes of pneumonia followed its 
removal. In the second patient the grassheads could not be removed endoscoprally. They migrated into the right lower lobe producing 
pneumonia and ultimately resulting in a brain abscess. The difference of entry of the same foreign body into the trachea, stem first versus 
flowering unit first, is an essential factor in altering the clinical outcome. 


A variety of foreign bodies can find their way into 
the tracheobronchial tree of children.’ Many of 
these in the vegetable family can produce serious 
damage because of chemical irritation to the air- 
way. Despite their failure to induce a similar kind 
of reaction because of their resistance to organic de- 
cay, grassheads consisting of a stem and a flowering 
unit can be responsible for serious pulmonary com- 
plications. An example of two of the clinical syn- 
dromes which may be produced by the different 
presentations of the grasshead to the tracheobron- 
chial tree is demonstrated by the following two 
cases involving inhalation of barley grass, a type of 
grasshead. Despite the similarity of the inhaled for- 
eign bodies, the clinical course of these two patients 
is strikingly different. Although foreign body aspir- 
ation was initially considered in each case, both 
children were asymptomatic when seen in the emer- 
gency room and initial chest roentgenograms were 
normal. Bronchoscopy was not performed on either 
patient until complications occurred. 


CASE REPORTS 


Case 1. A 4-year-old girl was referred to the 
UCLA Hospital and Clinics for evaluation of a non- 
productive cough of three weeks duration and a 
persistent right lower lobe infiltrate which had 
failed to resolve after a prolonged course of oral an- 
tibiotics. When the parents were specifically ques- 
tioned about possible aspiration of a foreign body 
they recalled that three years prior to admission, 
when the child was 9 months of age, a sudden epi- 
sode of choking, coughing, and cyanosis had occur- 
red when she was crawling on the lawn. At that 
time her symptoms cleared rapidly, and a chest 
roentgenogram was normal. However, within 24 


hours the child developed high fever and a cough. A 
chest roentgenogram six days after the episode 
demorstrated a right lower lobe infiltrate. Symp- 
toms resolved after one month of oral antibiotic 
therapy, but the pulmonary infiltrate did not re- 
solve. During the ensuing 3-year period the child 
had frequent febrile episodes associated with a non- 
produetive cough which were considered to be re- 
current upper respiratory infections. Each episode 
rapidly responded to oral antibiotic therapy, and no 
chest roentgenograms were obtained. 


Physical examination showed a thin child with 
height in the 40th percentile and weight in the 10th. 
percentile. Auscultation of the chest revealed dull- 
ness to percussion and rales and rhonchi at the right 
posterior lung base. 


Laboratory data included a hemoglobin of 12 
g/dl, a white blood count of 22,000/mm? with 55 % 
neutrophils, 1% bands, 1% eosinophils, 40% lym- 
phocytes, and 3% monocytes, and an erythrocyte 
sedimentation rate of 52 mm at one hour. A right 
lower bobe infiltrate was demonstrated on chest ro- 
entgenogram. 


Because of the chronic problem and the history of 
apparent aspiration, bronchoscopy was performed. 
A grasshead, subsequently identified as barley 
grass, surrounded by purulent exudate was found 
intact in the right main stem bronchus (Fig. 1). 
Minimal mucosal erythema and edema were noted. 
Escherichia coli, Hemophilus influenzae, Staphylo- 
coccus cureus, viridans streptococci, and Neisseria 
species were recovered. Intraoperative broncho- 
graphy revealed the presence of bronchiectasis in 
the righ= lower lobe. The child responded rapidly to 
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Fig. 2. Total gastric division with preservation of neuro- 
vascular supply and double gastrostomy. Arteries: a - left 
gastric artery; b - right gastric artery; C - right gastro- 
epiploic artery; d - left gastroepiploic artery; e - shert gas- 
tric artery. 


formed, the case is not verified. Finlay® described 
the second case in 1949, and the first successful sur- 
gical repair was reported in 1955.’ In all, 59 cases 
have been documented in the English literature at 
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last review.! There is an extensive European 
literatume on this subject however. The mortality re- 
mains high, in part due to coexistent major anomal- 
ies such as tracheoesophageal fistulas and/or esoph- 
ageal atresia or cardiovascular and pulmonary 
defects. The embryology and histopathology has 
been extensively reviewed in the literature.'” 


The «linical presentation is that of respiratory 
distress, feeding problems, and repeated aspiration. 
It is imowrtant to note that in this case report the 
first feeding was withheld because of the imperfor- 
ate anus. and the diagnosis was made prior to any 
feeding The symptomatic severity is likely to be 
proportionate to the extent of the cleft, and small 
clefts may remain asymptomatic for a long period 
of time * The diagnosis is made by careful consider- 
ation ec the history, an awareness of the anomaly, 
radiographic studies and endoscopy. 


In te maternal history, polyhydramnios is com- 
monly mentioned in the literature. Symptoms of 
respira‘ary and feeding problems in the neonate 
(Table 1) will lead the astute physician to consider 
the anamaly and proceed with radiographic and en- 
doscep e evaluation. 


A cite-esophagram will show spillover of contrast 
mediwn into the trachea, but may be negative un- 
less carefully performed.’ The radiologist should be 
alerted to the possibility of multiple tracheoesopha- 
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First layer 
of closure 


geal fistulas and/or esophageal atresia existing in 
conjunction with a LTE cleft. 


The endoscopic examination is crucial to making 
the definitive diagnosis. Unless the lesion is consid- 
ered by the endoscopist, however, the lesion may 
not be diagnosed. The literature has many reports 
indicating difficulty and delay in the diagnosis of 
these clefts.?*-"' If the lesion is considered, and en- 
doscopy performed with an endotracheal tube in 
place, the edges of the cleft are separated by the 
stenting action of the tube, and the cleft becomes 
obvious. If this step is omitted, then the edges of the 
cleft tend to approximate, and the diagnosis is 
missed. This maneuver does not appear to be 
stressed in the previous literature. 


The differential diagnosis has been carefully con- 
sidered by Cohen? and includes other anatomical 
defects, central nervous system lesions, esophageal 
disorders, and a variety of neuromuscular disor- 
ders. In the management of a LTE cleft, it is impor- 
tant to provide respiratory support, prevent aspira- 
tion and perform appropriate surgical repair. 


Respiratory support may be provided by an endo- 
tracheal tube initially, but a tracheotomy will soon 
be required. Burroughs and Leape'? reviewed the 
literature in 1974 and found that all patients who 
were operated on required tracheotomy for pro- 
longed periods of time (1-4 years) and the situation 
has not improved since that time. The more exten- 
sive the cleft, however, the less secure is the airway 
because the tube has a constant tendency to slip 


TABLE 1. SYMPTOMS OF RESPIRATORY AND FEEDING 
PROBLEMS IN THE NEONATE 


Respiratory distress 
Cyanosis 

Weak or absent cry 
Stridor 

Intermittent apnea 
Feeding problems 
Excessive secretions 
Aspiration pneumonia 
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Fig. 4. Repair of LTE cleft (transverse sec- 
tion). A) Diagram of cleft between trachea and 
esophagus. Notice some deficiency in tracheal 
rings. B) Endotracheal tube used as a guide to 
sizing the trachea to be created at repair. Note 
the site of hypopharyngotomy and upper esoph- 
agotomy. C) Esophageal mucosal flaps elevated, 
borrowing tissue from esophagus to create tra- 
chea. D) First layer of closure, showing submu- 
cosal placement of sutures and knots away from 
tracheal lumen. E) Second layer ef closure not 
directly overlying first layer. F) Repair com- 
pleted. 


over the inferior edge of the defect and into the 
esophagus. 


Once the airway is secure, it is imperative to pre- 
vent aspiration. Gastric decompression and alimen- 
tation by tube are essential, as the most critical 
problem of an infant with a LTE cleft is that of re- 
peated aspiration leading to pneumonia and death. 
A nasogastric tube may be sufficient initially, but 
has two dangers. First the presence of a nasogastric 
tube may contribute to reflux and aspiration, and 
secondly the tube may dislodge forward through 
the cleft to obstruct the airway.’ For these reasons 
a gastrostomy has been the recommended proce- 
dure in the past. However this does not eliminate 
the danger of aspiration, as evidenced by the fact 
that the literature quotes many examples of serious 
aspiration problems even though gastrostomy has 
been performed, both before'*'’ surgical repair of 
the cleft and after repair.'®'” For this reason, it is 
important to minimize the possibility of reflux of 
gastric contents into the esophagus until after both 
successful surgical repair of the cleft and restoration 
of adequate esophageal physiology. This may take 
several months. For this reason we would recom- 
mend a high gastric division and double gastros- 
tomy as early as possible in the management of this 
condition, before the child either succumbs to mas- 
sive aspiration or the lungs are irreversibly dam- 
aged. Although this has been alluded to briefly in 
the anesthetic literature,'® the authors have not 
found a case report in the surgical literature. 


For extensive clefts, the surgical procedure of 
choice is the posterolateral pharyngoesophagotomy 
approach. This appears to be the most widely used 
procedure. The anterior approach through a laryn- 
gofissure technique has been used for short clefts!!! 
but there is no reported long-term survivor when 
this approach has been used for the long partial 
cleft or complete cleft.' 


CONCLUSIONS 


Laryngotracheoesophageal cleft is a rare disorder 
that is still associated with a high mortality. 
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In attempting to diagnose a child who is aspir- 
ating the endoscopist should look specifically or the 
cleft with an endotracheal tube in place. This stents 
open the margins of the cleft. 


Aspiration is the major cause of death. Gastros- 


tomy lone is insufficient to prevent recurrent aspir- 
ation before or after surgical repair. High gastric di- 
vision with double gastrostomy is recommended as 
early witial management, with later reanastomosis 
once adequate physiology has been restored follow- 
ing r2oair of the cleft. 
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A variety of foreign bodies can find their way into 
the tracheobronchial tree of children.’ Many of 
these in the vegetable family can produce serious 
damage because of chemical irritation to the air- 
way. Despite their failure to induce a similar kind 
of reaction because of their resistance to organic de- 
cay, grassheads consisting of a stem and a flowering 
unit can be respcnsible for serious pulmonary com- 
plications. An example of two of the clinical syn- 
dromes which may be produced by the different 
presentations of -he grasshead to the trachecbron- 
chial tree is demonstrated by the following two 
cases involving irhalation of barley grass, a type of 
grasshead. Despite the similarity of the inhaled for- 
eign bodies, the clinical course of these two patients 
is strikingly different. Although foreign body aspir- 
ation was initial y considered in each case, both 
children were asymptomatic when seen in the emer- 
gency room and initial chest roentgenograms were 
normal. Bronchoscopy was not performed on either 
patient until complications occurred. 


CASE REPORTS 


Case 1. A 4-yzar-old girl was referred to the 
UCLA Hospital and Clinics for evaluation of a non- 
productive cough of three weeks duration and a 
persistent right lower lobe infiltrate which had 
failed to resolve after a prolonged course of oral an- 
tibiotics. When the parents were specifically ques- 
tioned about possible aspiration of a foreign body 
they recalled that three years prior to admission, 
when the child was 9 months of age, a sudden epi- 
sode of choking, coughing, and cyanosis had occur- 
red when she was crawling on the lawn. At that 
time her symptoms cleared rapidly, and a chest 
roentgenogram was normal. However, within 24 


hours the child developed high fever and a cough. A 
chest roentgenogram six days after the episode 
demonstrated a right lower lobe infiltrate. Symp- 
toms resolved after one month of oral antibiotic 
therapy, but the pulmonary infiltrate did not re- 
solve. During the ensuing 3-year period the child 
had frequent febrile episodes associated with a non- 
productive cough which were considered to be re- 
current upper respiratory infections. Each episode 
rapidly responded to oral antibiotic therapy, and no 
chest roentgenograms were obtained, 


Physical examination showed a thin child with 
height in the 40th percentile and weight in the 10th 
percentile. Auscultation of the chest revealed dull- 
ness to percussion and rales and rhonchi at the right 
posterior lung base. 


Laboratory data included a hemoglobin of 12 
g/dl, a white blood count of 22,000/mm? with 55 % 
neutrophils, 1% bands, 1% eosinophils, 40% lym- 
phocytes, and 3% monocytes, and an erythrocyte 
sedimentation rate of 52 mm at one hour. A right 
lower lobe infiltrate was demonstrated on chest ro- 
entgenogram. 


Because of the chronic problem and the history of 
apparent aspiration, bronchoscopy was performed. 
A grasshead, subsequently identified as barley 
grass, surrounded by purulent exudate was found 
intact in the right main stem bronchus (Fig. 1). 
Minimal mucosal erythema and edema were noted. 
Escherichia coli, Hemophilus influenzae, Staphylo- 
coccus aureus, viridans streptococci, and Neisseria 
species were recovered. Intraoperative broncho- 
graphy revealed the presence of bronchiectasis in 
the right lower lobe. The child responded rapidly to 
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Fig. 1. Grasshead (barley grass) removed three years 
after entering the right main stem bronchus. 








METRIC 


intravenous antibiotics, was discharged, and lost to 
follow-up care. 


Case 2. A 19-month-old boy was referred to 
UCLA Hospital and Clinics because of fever. vomit- 
ing, and lethargy for ten days. One day before ad- 
mission amoxicillin therapy was begun. O3 admis- 
sion, physical examination revealed a pale, irri- 
table, somnolent child who refused to walk He had 
marked nuchal rigidity, hypotonia, and a rectal 
temperature of 38.6° C. Laboratory data included 
a peripheral white blood cell count of 22,3500/mm° 
with 75% neutrophils, 20% lymphocytes, 5% 
monocytes, and an erythrocyte sedimentation rate 
of 44 mm at one hour. Lumbar puncture revealed a 
CSF which contained 2,075 leukocytes/m m? with 
93% being neutrophils, protein 215 mgdl, and 
glucose 5 mg/dl; no bacteria were seen en Gram 
stain. A right lower lobe infiltrate was observed on 
chest roentgenogram. 


The child was treated with antibiotics ntraven- 
ously for presumed bacterial meningitis. Bacterial 
cultures of the CSF, blood, and urine revealed no 
growth, and counterimmunoelectrophoresis of the 
CSF failed to reveal any evidence of infection. The 
child’s symptoms improved, but because of persis- 
tent fever, an EMI scan of the brain was performed 
on the eighth hospital day. A right par etal lobe 
abscess adjacent to and communicating with an 
enlarged right lateral ventricle was observed. Sur- 
gery was performed, and viridans streptococci were 
cultured from the abscess cavity. 


One week after admission because of persistent 
right lower lobe infiltrate on chest roentgenogram, 
the parents were carefully questioned regarding 
possible aspiration of a foreign body. It was then re- 
vealed that the child had had a severe coughing 
spell while playing in a freshly cut grass Held three 
months prior to admission. A chest roentzgenogram 
at that time revealed no abnormality. Several days 
following the coughing episode the child was 
treated for pneumonia although a repea~ chest ro- 
entgenogram was not done. For three weeks prior 
to this admission, the child had a history of foul- 
smelling breath. 


Bronchoscopy was performed on the eighth hos- 


pital tay and again seven days later. Both studies 
reveaed purulent exudate in the right main stem 
broncaus. Two weeks later the right lower lobe was 
remo~ed because of increasing mucopurulent 
sputan and persistence of the right lower lobe infil- 
trate. Two heads of barley grass were recovered 
from he removed lung. Escherichia coli, Eikenella 
corroaans, and viridans streptococci were cultured 
from ang tissue. Recovery has been complicated by 
hydreeephalus for which permanent ventriculoperi- 
toneaél shunts were inserted. 


DISCUSSION 


Al-hough our two patients both inhaled barley 
grass. an extrusive type of grasshead, uncommon 
complications occurred. One patient developed a 
brain abscess, a previously unreported complication 
of grasshead inhalation. The grasshead reached the 
dista portion of the right lower lobe producing 
bronchial obstruction, pneumonia, and brain ab- 
scess. In the other case the grasshead entered the 
bronchus, with the spikelet leading and the stem 
trailmg. This prevented the usual migration of the 
grasshead through the lung parenchyma. The grass- 
heac thus remained lodged in the bronchus as an in- 
ert monopaque object for three years and resulted in 
brorchiectasis of the right lower lobe. 


The clinical features of grasshead aspiration are 
determined by the physical characteristics of the 
spec:tic grass and their resistance to decay. Their 
siliceous coat provides a protection against organic 
decæ.'-5 Grassheads are composed of flowering 
units called spikelets which consist of a group of one 
to fie flowers on a short stem.56 A grasshead once 
inheled usually descends to the right bronchus with 
the stem leading into the lung and the spikelet or 
flowering unit trailing.® Since its irregular shape 
does not produce a ball-valve phenomenon,*® ex- 
pir=ory wheezing may be absent in subjects who 
hav= aspirated this grass. 


T>ere are two basic types of grasshead, the non- 
extrusive and the extrusive type. The spikelets of the 
nonextrusive type of grass, represented by timothy 
or rve grass, are close together and soft and tend to 
locge and remain in one place in the tracheobron- 
chial tree. They are removed by bronchoscopy or by 
lung resection. The spikelets of the extrusive type 
(batey grass), in contrast, are firm and sharp and 
are set at an acute angle to the rigid stem. With this 
arrangement, the to-and-fro movement of the tra- 
ches bronchial tree can propel the grasshead distally 
inte the lung if the stem goes into the trachea first 
anc spikelets follow. The grasshead can be pro- 
pel=d into the more distal and ever smaller bron- 
chi es where it obstructs the lumen. It may even go 
on to perforate the chest wall within weeks to 
mo aths after the episode of inhalation.**” Serious 
coraplications such as pulmonary hemorrhage and 
rare y death have been reported.® 
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The inhalation of grassheads, if unrecognized, 
can be responsible for serious complications. Bron- 
choscopists should be aware that they can present 
themselves to the trachea in two different ways. In 
the first they enter the airway with the flowering 
units leading the way and the stem trailing. In this 


instance the foreign body can remain as an inert ob- 
ject for years in the bronchus. In the secomd manner 
of aspiration the stem enters first with the flowering 
units trailing. This presentation permits the flower- 
ing unit to be propelled into the lung requiring re- 
section of the lung. 
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The technique of epiglottic laryngoplasty, previously described for recerstruction following near total laryngectomy for glottic car- 
cinoma, has been used in selected patients with severe glottic and subglottscstenosis. Our experience in four patients suggests that it is 
useful for 1) laryngeal stenosis in which there is loss or collapse of the external cartilaginous framework, and 2) laryngeal stenosis which is 
refractory to the usual forms of therapy. The technique is a technically simpre one-stage procedure which provides its own endolaryngeal 
mucosal lining, as well as autogenous cartilaginous support. It has been succesful in restoring adequate airway and preserving voice with- 
out interfering with deglutition or laryngeal competence in most patients. 


INTRODUCTION crola-yngoscopic scar excision and stenting were similarly inade- 
quate to permit decannulation. 
While most cases of glottic and subglotti stenosis A thyrotomy with epiglottic reconstruction was performed. 
can be managed successfully by either corservative Hezl ng was satisfactory, with the formation of an airway which 
. . . should have been sufficient for decannulation. However, severe 
endoscopic techniques or one of several cogventon- psycĒiatric problems precluded decannulation; the patient con- 
al open laryngoplasty and stenting procedures, tinues to wear a tracheotomy tube which is corked almost con- 
there remain certain ones that are refracto-y to such tinueusly. 
management. It 1S often difficult to achieve a satis- Cese 3. This 50-year-old female was treated with full course ra- 
factory airway in patients with extensive combined diation therapy for carcinoma of the glottis in 1976. Several 
glottic and subglottic stenosis and in those who have mcnths following radiation therapy she developed increasing air- 


sustained loss or collapse of the car-ilaginous way~obstruction. Several laryngoscopic examinations with biopsy 
revealed severe glottic and arytenoid edema and granulation tis- 


skeleton. The pue Sabai of this report is Aa describe sue without evidence of recurrent carcinoma. 
our experience with the use of epiglottic laryngo- $ 


Te a ted for ii tal >rtial laryngectomy with epiglottic reconstruction was per- 
plasty, previously reported ror anagement OF car- formed for what was suspected to be possible recurrent car- 


cinoma of the larynx,’ in appropriatel» selected cipcna. Final pathologic diagnosis was “chronic radiation-in- 
cases of laryngeal stenosis. duc-d laryngeal stenosis with cartilage destruction.” The patient 
wasssuccessfully decannulated five months after surgery. She has 
CASE REPORTS sured mild bouts of aspiration of liquids since surgery, but none 

sw ficiently severe to warrant further surgical intervention. 

Case 1. This 56-year-old female was treated with full course Case 4. This 30-year-old male was referred because of laryn- 
radiation therapy for a T,B epidermoid carcinoma oœ the anterior gea’ stenosis. He had sustained laryngotracheal trauma resulting 
right and left true vocal cords in 1978. She underwert a frontolat- in Lilateral vocal cord paralysis and subglottic stenosis secondary 
eral partial vertical laryngectomy for local recur ence several to cicoid crush injury in a motorcycle accident. He had under- 


months later at another institution. Decannulation was not possi- 
ble because of postoperative laryngeal stenosis anc she was re- 
ferred to our clinic for evaluation and therapy. Lar-ngoscopy re- 
vealed a dense anterior glottic-subglottic stenosis with normal left 
arytenoid mobility and a fixed right arytenoid. These was no evi- 
dence of recurrent disease on either gross or microscepic examina- 
tion. 


Laryngotomy and epiglottic laryngoplasty, combined with cri- 
coid split and hyoid interposition were performed. 4n endolaryn- 
geal stent was placed and anchored to the tractzotomy tube. 
Postoperatively the patient developed a local wand infection 
which resulted in subsequent slough of the hyoid bane graft. Lo- 
cal wound care and antimicrobial therapy resulte in complete 
healing and an airway adequate for day-to-day activity. She was 
decannulated successfully four months after surgery. 


Case 2. This 27-year-old female was referred fœ treatment of 
severe glottic stenosis sustained at age 25 following prolonged in- 
tubation for barbiturate overdose. Right arytenoid-ctomy and la- 
ser excision of the stenosis with placement of an endolaryngeal 
stent had been unsuccessful. Several subsequent actempts at mi- Fig. 1. Typical anterior glottic-subglottic stenosis. 
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Presented at the meeting of the American Broncho£sophagological Associatien, Vancouver, British Columbia, May 11-12, 1981. 
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gone bilateral Woodman arytenoidectomies prior to his referral. 
His airway was inadequate without a tracheotomy in place. 
Laryngoscopy confirmed total glottic and anterior subglottic 
stenosis. Thyrotomy, anterior cricoidectomy with excision of the 
stenosis and epigłttic laryngoplasty was performed. The patient 
was decannulated successf lly within one month. 


He did well for several months until he began to develop pro- 
gressive airway obstruction. Repeat laryngoscopic examination 
revealed recurrent subglottic-tracheal stenosis which required 
laser dilatations and stenting. He is now breathing well without 
the need for a tracheotomy tube. 


TECHNIQUE 


Patients with complicated glottic and subglottic 
stenosis are evaluated by both indirect and direct 
laryngoscopy and bronchoscopy in order to assess 
the thickness and length of stenosis and the status of 
vocal cord and arytenoid mobility. Laryngograph- 
ic, tomographic and CAT scan examinations may 
be used in seleeted cases to help ascertain the condi- 
tions of the cartilaginous framework and degree of 
stenosis. 


The technique of near total laryngectomy with 
epiglottic reconstruction has been reported in a pre- 
vious publication.' A modification of the technique 
for laryngeal stenosis is used (Fig. 1). A low collar or 








Fig. 2. A) Strap muscles and peri- 
chondrium retracted and cartilage 
cuts outlined. B) Surgical defect after 
completion of partial laryngectomy 
and excision of stenosis. C) Sagittal 
view of the pre-epiglottic space con- 
tacts a dissen away from an- 
terior surface of epiglottis. (From: 
Tucker et al.') D) Mobilized epiglottis 
cepa inferiorly into laryngeal de- 
ect. 


neck crease incision is made at the level of -he cri- 
coid and a subplatysmal flap is elevated to the level 
of the hyoid bone. The strap muscles are separated 
in the midline and retracted to expose the underly- 
ing thyroid cartilage. The perichondrium of the 
thyroid cartilage is incised in the midline, elevated 
off the thyroid alae bilaterally and retracted lateral- 
ly. The perichondrial incisions are extendec along 
the superior and inferior borders of the thyroid 
alae. Midline thyrotomy or appropriate vertical 
parallel cartilaginous cuts are outlined with bril- 
liant green and completed with a Stryker saw (Fig. 
2A). The position of these cuts is determined by the 
extent of glottic and subglottic scarring which must 
be resected. The larynx is entered and the stenosis js 
excised under direct vision (Fig. 2B). The aryte- 
noids should be preserved whenever possible. The 
cricothyroid membrane and a portion of the anter- 
ior cricoid arch may also be removed if the stenosis 
warrants it. As opposed to surgery for malignancy, 
this resection need not be performed en bloe, and 
may be tailored to the individual case. The base of 
the epiglottis is then grasped and the pre-epiglottic 
contents are dissected away, deep to lingual epiglot- 
tic mucosa, staying in the plane immediately anteri- 
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or to the underlying epiglottic cartilage (Fic. 2C). 
The hyoepiglottic and glossoepiglottic ligaments are 
transected for better mobilization. Superior muco- 
sal attachments must be preserved since they repre- 
sent the remaining blood supply to the mobilized 
epiglottis. The epiglottis is displaced inferiorly into 
the defect and sutured with nonabsorbable material 
to the cut edges of the thyroid alae laterally and the 
cricoid or first two tracheal rings inferiorly (Fig. 
2D). A mucosa-to-mucosa closure is neither neces- 
sary nor possible. Since these tissues are usually 
redundant they will lie in sufficiently close proximi- 
ty to each other. The overlying perichondrial flaps 
and strap muscles are then approximated. The flap 
is replaced and a suction catheter apparatus is 
placed. 


If a portion of the cricoid arch must be removed, 
an endolaryngeal stent may be left in place ‘or three 
to six weeks. We prefer the Kotton Silastie® stent.’ 


Broad spectrum antibiotics which are begun pre- 
operatively are maintaind for several days after sur- 
gery. A cuff tracheotomy tube is used but the cuff 
may be deflated by the second postoperative day. 
Tube feedings are maintained via a nasogastric tube 
for approximately one week postoperatively. De- 
cannulation is undertaken as soon as the patient is 
able to tolerate corking of the tracheotomy tube. 
Patients may not be allowed to eat until decannula- 
tion is complete and the tracheotomy site healed. In 
patients who require a stent, however. perioral 
feeding may be started prior to tracheal Gecannula- 
tion. 


DISCUSSION 


Because laryngeal and subglottic stenosis can be 
of varying degrees of severity, no single procedure 
can be appropriate for all cases. The ultimate goal 
of any such procedure is to 1) establish adequate 
airway without the need for tracheotomy, and 2) 
maintain phonatory capability. Most uncompli- 
cated cases of glottic or subglottic stenosis will re- 
spond to one of the more conventional techniques. 
Those cases not amenable to conservative manage- 


ment sach as dilatation or endoscopic laser excision 
with stenting are generally considered for an open 
transcervical procedure. The choice of technique 
depends on the degree of stenosis and anatomic lo- 
cation 


Near total laryngectomy with epiglottic recon- 
struct-on has been used successfully in the manage- 
ment of selected cases of glottic carcinoma, even 
when recurrent after radiation therapy.’ This tech- 
nique is attractive because it is a one-stage proce- 
dure which can provide an adequate airway with- 
out tracheotomy, maintain satisfactory phonatory 
funct-on and allow satisfactory deglutition without 
significant aspiration despite the removal of as 
much as both vocal cords and one arytenoid cartil- 
age. The modification of this technique described in 
this paper may be applicable in cases of compli- 
cated glottic and sublottic stenosis.* 


Laryngeal stenosis may be complicated by the 
loss cr collapse of the cartilaginous framework and 
in such cases is often difficult to manage. This situa- 
tion is most often seen following blunt laryngeal 
trauma with fragmentation or devitalization of the 
carti-aginous framework. Previous partial laryngeal 
surgery may be complicated by similar stenosis. 
When there is concomitant infection, radiation 
therapy may cause laryngeal chondritis with distor- 
ticn and collapse of the laryngeal cartilaginous skel- 
eton. Because it restores cartilaginous support, the 
techaique of partial laryngectomy with epiglattic 
reconstruction may have particular advantage over 
other techniques in these circumstances. 


CONCLUSIONS 


Epiglottic laryngoplasty for glottic carcinoma has 
been a successful reconstructive technique. It has 
provided 1) reliable restoration of airway, 2) main- 
tenance of acceptable phonatory function, and 3) 
satisfactory deglutition. This technique should offer 
similar advantages in appropriately selected cases of 
severe laryngeal stenosis. Experience in four pa- 
tients, although far from definitive, has supported 
this expectation. 


REFERENCES 


l. Tucker H, Wood B, Levine H, Katz R. Glettic reconstruc- 
tion after total laryngectomy. Laryngoscope 1979: 89:609-17. 


2. Kotton B. Treatment of subglottic stenosis children by 


pro onged dilatation. Laryngoscope 1979; 89:1983-90. 


3. Kennedy T. Epiglottic reconstruction of laryngeal stenosis 


secendary to cricothyroidostomy. Laryngoscope 1980; 90:1130-6. 




















THE DEPARTMENT OF OTOLARYNGOLOGY 
and 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
of the MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


Announce a Postgraduate Course 


SURGERY OF THE PARANASAL SINUSES 


Under the Direction of Joseph L. Goldman, MD 


Mount Sinai school of Medicine Faculty: Hugh F. Biller, MD; Stanley M. Blaugrund, MD; Joseph L. 
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The Eighth Annual University of Pittsburgh Symposium 


EAR, NOSE, AND THROAT DISEASES 
IN CHILDREN 


A 1981 UPDATE 


December 9-13, 1981 


Rancho Las Palmas Resort 
Rancho Mirage, Palm Springs, CA 


OTOLARYNGOLOGISTS AND PEDIATRICIANS: 


Update your knowledge of ear, nose, anc throat diseases in children through scientific sessions. small- 
group workshops and demonstrations, and informal discussions. 


UNIVERSITY OF PITTSBURGH FACULTY 


C. D. Bluestone J. L. Paradise 
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THE AMERICAN FOUNDATION FOR THE MEDICINE AND 
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October 25-30, 1981 
The Royal Orleans Hotel, New Orleans, Louisiana 


DIRECTOR: Jack R. Anderson, MD 
Clinical Professor 
Tulane University Medical Center 
Louisiana State Medical School 


CO-DIRECTOR: Calvin M. Johnson, MD 
Assistant Professor 
Tulane University Medical Center 


Accreditation: 42 CME hours, Category 1 
Contact: Calvin M. Johnson, MD, Suite 322, 1111 Tulane Ave., New Orleans, LA 70112. 








STATE-OF-THE-ART 
DIAGNOSTIC 
TESTING OF THE 


VESTIBULO-OCULAR 
SYS TEM. 


A SYMPOSIUM. 


Plan now to attend this two-day symposium which will 
keep you current on the physics, the physiology and ap- 
plication of state-of-the-art diagnostic testing techniques 
and equipment for the vestibulo-ocular system. The 
symposium, to be held October 9th and 10th, 1981 1s 
sponsored by the Section of Otolaryngology, Bowman 
Gray School of Medicine in conjunction with the 
Division of Continuing Education of Bowman Gray 
G School of Medicine at Wake Forest University 

Winston-Salem, N.C., and will be held in cooperation 

with Contraves Goerz Corporation. 

This continuing medical education activity 1s 
acceptable for 14 credit hours in Category I œ the 
Physician's Recognition Award of the American Medical 
Association. 

The in-depth program will cover: 

1. The physics of the testing concept. Highly 
specific instruction on dynamic system testing in 
terms of stimulus, response and performance 
parameters. 

2 The physiology of the testing concept. 
Understanding the vestibulo-ocular system and 
associated neural pathways. 

3 The application and evaluation of testing 

, techniques. Discussion and direction in the 
correlation of performance parameters and 


pathology. 

4 Para workshop demonstrations. Visit the 
Bowman Gray School of Medicine complete 
diagnostic neurotologic laboratory for ‘‘hands-on’’ 
demonstrations of state-of-the-art testing 
techniques. 

T The symposium faculty will consist of these leading 

clinicians and neurophysiologists from across the country: 


Robert W. Baloh, M.D. 
Department of Neurology 
UCLA School of Medicine, 
Los Angeles 


John Anderson, M.D., Ph.D. 
Department of Physiology 
‘ University of Minnesota 


Jack Cems, M.D. 


Northwestern University 
Medical School 
Chicag> Illinois 


Mannia_ J. Correia, Ph.D. 


Deparurent of Otolaryngology 


Universry of Texas 
Edwarc . Engelken, M.S. 


School Œ Aerospace Medicine 
Brooks #17 Force Base, Texas 


Mohan aed Hamid, Ph.D. 


Departrsent of Otolaryngology 


Cleveleme Clinic 


Vicente Honrubia, M.D. 
Depar-ment of Surgery 
UCLA Sehool of Medicine, 
Los Angeles 


Horst R Konrad, M.D. 
Professc and Chief of 
Otolaryagology 

Schoo! + Medicine 
Universay of Southern Illinois 


James E. Olson, Lt. Col., 
M.D./USAF 

Chairman of Otolaryngology/ , 
Head and Neck Surgery 
Wilford Hall, 

USAF Medical Center 

San Antonio, Texas 


Wallace Rubin, M.D. 
Clinical Professor of 
Otolaryngology 

School of Medicine, 
Louisiana State University 
New Orleans, Louisiana 


B. Todd Troost, M.D. 
V.A. Medical Center 
Cleveland, Ohio 


Conrad Wall III, Ph.D. 
Research Assistant Professor of 
Otolaryngology 

School of Medicine, 
University of Pittsburgh 


James W. Wolfe, Ph.D. 
School of Aerospace Medicine 
Brooks Air Force Base, Texas 


Make ~our reservations for this informative symposium 
today. Fill out the attached registration card and 

send it, along with your registration check to: 

Mr. Raph Heil, Director of Marketing, Medical Group, 
Contraxes Goerz Corporation, 620 Epsilon Drive, 


Pittshuazh, PA 15238. 
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BOOK REVIEWS 


Scott-Brown’s Diseases of the Ear, Nose and Throat, Fourth Edition 


By John Ballantyne and John Groves. Hard cover. black and 
white and color illustrations, 4 vols, 1979. Butterworth. Wo- 
burn, Mass. Price $400.00. 


This four-volume compendium of otolaryngology was first 
published in 1952 by W. G. Scott-Brown as a single book and was 
planned to include sudject matter required by students and post- 
graduates and to be suitable as a reference book for general prac- 
titioners. Scett-Brown was joined by John Ballantyne and John 
Groves in 1965 in the publication of the second edition. In 1971, 
when publishing the third edition, they introduced the four- 
volume format, ie, 1) Basic Sciences; 2) The Ear; 3) The Nose and 
Sinuses; 4) The Pharynx and Larynx. 


The Basic Science volume in the fourth edition is much in- 
creased in size and includes the newest information. It provides 
the student and the teacher with the basic materials required for 
preparation for board examinations and for a compete under- 
standing of the physiology, pathology and anatomy of the ear, 
nose and throat. The authors have prepared an exceptionally 
well-illustrated chapter on the ears and sinuses in the aerospace 
environment and on deep water diving (otic and sinus baro- 
trauma) which is found in few textbooks. The chapter dealing 
with the principles of radiotherapy and chemotherapy of the head 
and neck is excellent. 


Volume 2 presents a comprehensive discussion of the anatomy 
and physiology of the ear; hearing and equilibration are well pre- 
sented. Volume 3 provides an excellent presentation of recent de- 
velopments of the nose and sinuses with particularly outstanding 
sections on the nasal septum, cosmetic nasal surgery, the pterygo- 
palatine fossa, tumors of the nose and sinuses, and facial pain. 


Outstanding chapters on the anatomy, physiology and diseases 
of the mouth, pharynx, larynx, esophagus and tracheobronchial 
tree are presented in Volume 4. The chapter on acute and chronic 
laryngeal problems are comprehensive and well organized with 
excellent reference sections, and that on skin grafts in otolaryn- 
gology is well written and illustrated. 


The book is profusely supplied with illustrations andlline draw- 
ings which are well labeled. There are excellent color i!lustrations 
throughout each volume. 


This is an outstanding compendium of our knowledge in the ex- 
panded ear, nose and throat field. 


BEN H. SENTURIA. MD 
St. Louis, Mo. 


Otorhinolaryngology, Second Edition 


By Stanley N. Farb. Paperback, black and white illustrations, 
425 pp, 1980. Medical Outline Series. Medical Examination 
Publishing Co Inc, Garden City, New York. 


This volume serves well the functions of a handbook and an in- 
troduction to the specialty of ear, nose and throat. It probably 
best serves the beginning resident or medical student whose needs 
for knowledge in this specialty are basic. This text might also, 
however, be utilized by practicing otolaryngologists who desire a 
brief review of some recent developments in otorhinoluryngology 
which are covered in the new chapters on facial injuries, facial 
plastic surgery, and neck masses. Although the use af the CO, 
laser is mentioned for endolaryngeal surgery, argon laser surgery 
and other newer developments are not covered. These include 
nerve-muscle implants for vocal cord reinnervation or rehabilita- 
‘tion for facial paralysis, treatment of spastic dysphonia, and the 
use of myocutaneous flaps. That all new developments or contro- 


412 


versial issues are not discussed is acceptable in this framework, 
for, as the author states in his preface, the major emphasis of this 
text is upon diagnosis and treatment. The size of the book prevents 
an elaborate discussion of detailed anatomy and physiology or 
major surgical procedures. 


Dr. Farb has included an adequate listing of references follow- 
ing each chapter, as well as a compilation of suggested readings. 
Many of these citations are from recent articles. Farthermore, a 
set of questions, for which answers are provided, is included. This 
augments the text and may serve to point out the readers’ weak- 
nesses. 


In summary, Dr. Farb has created in his new edition a com- 
prehensive outline of sufficient detail from which to obtain a 
foundation of knowledge in otorhinolaryngology. 


RICHARD B. FREEMaN, PhD, MD 


Cleveland, Ohio 


Guide to Noise Control Literature 


By Richard K. Miller. Hard cover, indexed, bibliography, 148 
pp, 1980. Fairmont Press, Atlanta. Price $24.95 


The author has attempted to provide a handy reference for in- 
dividuals concerned with noise problems by compiling 3500 
publications on noise sources, noise control, vibration and hearing 
conservation. Unfortunately, for the otolaryngologist, audiologist 
or individual engaged in research on the biologica! effects of ex- 
posure to noise, this book falls far short of its goal. 


Enumeration of a few of the deficiencies of the book will pro- 
vide ample support for this opinion. In Chapter 2 entitled 
“Periodicals on Noise and Related Topics,” the addresses of some 
of the journals are outdated (most notably the Annals and the 
Laryngoscope), some addresses were omitted and two of the 
newer journals were not listed (Am J Otolaryngol and Hearing 
Res). 


In Chapter 8 entitled “Hearing Conservation” many important 
references were not included. Thus, an accurate picture of the 
work which has been completed in this area cannot be gained 
from reading the references listed here. The most notable omis- 
sions are: Miller JD, Effects of noise on people. J Acoust Soc Am 
1974; 56:729-64; Mills JH, Noise and children: A review of liter- 
ature. J Acoust Soc Am 1975; 58:767-79:Henderson D, Hamernik 
RP, Dosanjh DS, Mills JG, eds. Effects of noise on hearing. New 
York: Raven Press, 1976. In addition, none of the noise studies of 
Bredberg, Engström, Hawkins, Hunter-Duvar, Lawrence, Lim, 
and Spoendlin, to mention a few, is cited. 


BARBARA A. BOHNE, PhD 


St. Louis, Missouri 


Speech Science Primer: Physiology, Acoustics, and 
Perception of Speech 


By Gloria J. Borden and Katherine S. Harris. Sof- cover, black 
and white illustrations, indexed, 266 pages, 1980. Williams 
and Wilkins, Baltimore. Price $19.95. 


This new book by Borden and Harris is especialy useful not 
only for students, for whom it was intended, but also for practic- 
ing otologists, laryngologists, audiologists, and speech pathol- 
ogists. Its subject generally is speech production and speech per- 
ception, both of which are presented in the context of language. 
Happily the authors do not respect the traditional boundaries be- 
tween physiology, psychology, phonetics, and acoustics. The ex- 
position is deceptively simple — deceptive in the sense that the 
points made are very up-to-date and do not suffer from the 
sacrificing of detail that so often accompanies easy exposition. 
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An introductory chapter puts speech in the context of lamguage, 
communication, and language learning. A chapter on acoustics 
not only introduces classical concepts illustrated by simple sounds, 
but also advances to the complex sounds that are characteristic of 
speech and includes the important notions surrounding resonance 
in a useful way. 


The long chapter on speech production is unusual in that it 
combines reasonably detailed discussions of the anatomy and 
mechanisms of respiration, phonation and articulation with the 
consequence of those activities in acoustical terms. The chapter on 
speech perception takes the reader from an illustrated discussion 
of auditory anatomy directly to the perception of speech, perhaps 
without sufficient attention to psychoacoustic processes that 
underlie such perception. 


The book is a first-rate combination of materials that are more 
often found in separate books of anatomy and physiology, of 
speech acoustics, and of phonetics. Although it is intended as a 
text for students in the speech sciences and related areas. it is an 
excellent resource for those whose clinical studies may mot have 
included these areas of speech science. 


IRA J. HimsH, PhD 


St. Louis, Missouri 


Practical Fiberoptic Bronchoscope 


By Kenkichi Oho and Ryuta Amemiya. Hard cover, bkack and 
white and color illustrations, indexed, referenced, 112 pp, 
1980. Igaku-Shoin, Ltd., Tokyo. Price $31.50. 


The goals of the authors are defined in the preface in which 
they comment that a competent assessment of pathological find- 
ings requires a thorough knowledge of the bronchus ard varia- 
tions. The small book, almost monograph size, does indeed 
achieve this intent by an examination of the tracheobroncnial tree 
in the normal sequence of the examination. 


The book can be divided into three major parts: 1) the normal 
endoscopic appearance with ample space devoted to normal 
variations; 2) the endoscopic evidence of neoplasms identified by 
mass effect, distortion, mucosal change, vascular pattern, and 
other parameters; and 3) the clinical correlation of loeation and 
appearance versus histological type. Other chapters discussing 
care of the equipment, available endoscopic instruments, applica- 
tion to cases, and transbronchial lung biopsy are inelwded for 
completeness but the reviewer feels that the value of the book is 
competently covered in the major headings. 


The illustrations are superb, and the color plates of the en- 
doscopic views are equivalent to an in vivo investigation under the 
best circumstances. 


This book is extremely worthwhile. I strongly suggest that all 
pulmonary endoscopists procure this small but comprehensive 
book for frequent review. 


Louis W. WEESH, MD 


Jenkintown, Pennsy vania 


Concepts in Cancer Care 


By Jay Scott Cooper and Donald J. Pizzarello. Hard cover, 
black and white illustrations, indexed, 257 pages, 1°80. Lea 
and Feibiger, Philadelphia. Price $16.50. 


This book is directed toward primary care physicians and 
focuses on the general concepts of cancer care. As such, it has little 
information specifically directed toward the otolaryngologist. My 
preliminary impression was, therefore, that the book would have 
no attraction for our readership. My opinion changed as I read 
the book, however. 


The Table of Contents is thoughtfully conceived, startmg with 
the background of cancer management and some historical facts. 
The bulk of the book is directed toward the rationale of manage- 
ment at the cellular level, at the tissue level, and at the host 
response level. The final chapters of the book deal with the 


hazards 3f-radiation therapy, chemotherapy, and how best to ob- 
viate these. Surgery is not addressed as a premier modality other 
than to mention its presence-evidence that the book is directed 
toward Èe nonsurgeon. 


This i an up-to-date book. It does not dwell in depth on any of 
the prewiously mentioned topics, but attempts to skim off note- 
worthy advances for consumption by the busy practitioner. The 
great vawe of the book is that it is concisely written, is easy to 
understand, and develops contemporary themes of cancer man- 
agement. That the book is not specifically directed toward otolar- 
yngolog~ should not detract from its interest. I suspect that many 
of us weuld relish a rapid, yet superficial update of basic on- 
cology. This book is recommended to those in our specialty who 
have nœ had the opportunity to be brought up to date in the 
philoscjmy and practicalities of contemporary medical and radio- 
therapewtie oncological practices. Those fully immersed in head 
and nect oncology will find the book offering little new informa- 
tion, and too superficial to warrant their time. 


CHARLES W. CuMMINGS, MD 
Seattle, Wash 


Hearing Loss, Second Edition 


By Joseph Sataloff, Robert Thayer Sataloff and Lawrence A. 
Vallo. Hard cover, black and white illustrations, indexed, 
bilziography, 425 pp, 1980. J. B. Lippincott Co, Phila- 
delonia. Price $30.00. 


The avthors’ intent is that this book serve as a reference for 
physicians, medical students and others who are interested in the 
causes and diagnosis of hearing loss. Topics which are included 
are the otologic history and examination; the use of the tuning 
fork ane audiometer; the criteria for diagnosing hearing loss as 
conduect-ve, sensory, neural or central; hearing loss associated 
with dis-ases and syndromes; hearing loss in children; the effect of 
hearing loss on personality; aural rehabilitation; the physics of 
sound: zad occupational deafness. 


The rvisions in this second edition consist mainly of a reorder- 
ing of the chapters and an updating of those on special audiologic 
tests, hearing loss associated with diseases and syndromes, and oc- 
cupational deafness. The updating of the latter two chapters has 
been eceomplished lucidly and succinctly. In contrast, the revi- 
sion of ta=chapter on special audiologic tests does not reflect suffi- 
cient updating. For example, the description of impedance audi- 
ometry and speech audiometry is inadequate, particularly in view 
of their present diagnostic importance. In addition, the results of 
some auciologic tests are more accurately understood according 
to recert interpretation based on clinical research, whereas the 
authors description reflects the interpretation given 20 years ago. 
As a fina! example, the reader is given the impression that there is 
a sharp dichotomy between the test results associated with sensory 
hearing loss and those associated with neural hearing loss, 
whereas in clinical practice this is often not the case. 


One » the strengths of this book is the manner in which the 
senior author, based on years of clinical practice, has integrated 
information from the patient’s report of symptoms, the history, 
and thesctologic and audiologic findings. Over 100 cases are pre- 
sented to exemplify the information he has used to make the ap- 
propria differential diagnosis. Although this material is pre- 
sented ia a somewhat redundant manner, there are excellent sum- 
maries in table form in Chapter 23) of the relevant information 
needed or differential diagnosis. Another of the strengths of this 
book is he concern the authors have about the emotional impact 
a hearimg loss has on a patient. They realize that, in addition to 
making a diagnosis and treating the condition medically (if in- 
dicated , it is equally important to give guidance and support 
which will “improve the patient’s quality of life.” All of us who 
work wth hearing-impaired people would do well to develop this, 
sensitive, and understanding. 


MARGARET W. SKINNER, PhD 


St. Louis, Missouri 


oeptra Sus 


: & Pa E 7 
Each teaspoonfyul.¢3.ml) contains: 40 mg trimethoprim and 00 Mmg sulfamethoxazole 


a= 


~ = 


a consistent performer if. 
treating acute otitis media 
due to susceptible organisms. 


soul? 
en PdA 


aval Burroughs Welicame Co. 


Research Triangle Park 
Wellcome! North Carolina 27709 





EACH TEASPOONFUL (5 ML) CONTAINS: 40 MG 
TRIMETHOPRIM AND 200 MG SULFAMETHOXAZOLE 


WITH A GREAT CHERRY TASTE. 





The original pleasant tasting, cherry-flavored 


Septra’Suspension b.i.d. 


Each teaspoonful (5 ml) contains: 40 mg trimethoprim 
and 200 mg sulfamethoxazole 


A consistent performer in treating acute otitis 
media due to susceptible organisms. 


Septra DS b.i.d. 


Each tablet contains: 160 mg trimethoprim and 800 mg 
sulfamethoxazole 


Septra® DS Tablets Double Strength 
Septra® Tablets 
Septra® Suspension 


INDICATIONS AND USAGE: 

URINARY TRACT INFECTIONS: For the treatment of uninary tract 
infections due to susceptible strains of the following organisms: Es- 
cherichia coli, Klebsiella-Enterobacter, Proteus mirabiiis. Proteus 
vulgaris, Proteus morganii. It is recommended that initial episodes 
of uncomplicated urinary tract infections be treated with a single effec- 
tive antibacterial agent rether than the combination. 


NOTE: Currently, the increasing frequency of resistant organisms is a 
limitation of the usefulness of all antibacterial agents, espezially in the 
treatment of these urinary tract infections. 


ACUTE OTITIS MEDIA: For the treatment of acute otitis media in 
children due to susceptible strains of Haemophilus inft:enzae or 
Streptococcus pneumoniae when in the judgment of the physician 
Septra offers some adventage over the use of other antimicrobial 
agents. Limited clinical in‘ormation is presently available on the effec- 
tiveness of treatment of otitis media with Septra when the infection is 
due to Haemophilus influenzae resistant to ampicillin. Toate, there 
are limited data on the safety of repeated use of Septra im children 
under two years of age. Septra is not indicated for prophylactic or 
prolonged administration in otitis media at any age. 


SHIGELLOSIS: For the treatment of enteritis caused by susceptible 
strains of Shigella flexneri and Shigella sonnei when antibacterial 
therapy is indicated. 


PNEUMOCYSTIS CARIN'!! PNEUMONITIS: For the treatment of 
documented Pneumocystis carinii pneumonitis. To date. this drug 
has been tested only in patients 9 months to 16 years of age who were 
immunosuppressed by cancer therapy. 


CONTRAINDICATIONS: Hypersensitivity to trimethoprim or sul- 
fonamides. Pregnancy and during the nursing period. Infants less than 
two months of age. 


WARNINGS: SEPTRA SHOULD NOT BE USED IN THE TREAT- 
MENT OF STREPTOCOCCAL PHARYNGITIS. 


Clinical studies have dccumented that patients with Group A 
B-hemolytic streptococcal tonsillopharyngitis have a greaterimcidence 
of bacteriologic failure when treated with Septra than do those patients 
treated with penicillin as evidenced by failure to eradicate thisecrganism 
from the tonsillopharyngeal area. 


Deaths associated with administration of sulfonamides have Deen re- 
ported from hypersensitivity reactions, agranulocytosis, aplastec anemia 
and other blood dyscrasias. Experience with trimethoprim alone is 
much more limited, but occasional interference with hematopmesis has 
been reported as well as an increased incidence of thrombopenia with 
purpura in elderly patients on certain diuretics. primarily thiazides. 


Sore throat, fever, pallor, purpura or jaundice may be early signs of 
serious blood disorders. Frequent CBCs are recommendec: therapy 
should be discontinued if a significant reduction in the count of any 
formed blood element is neted. 


PRECAUTIONS: Use with caution in patients with impairec renal or 
hepatic function, possible folate deficiency, severe allergy or bronchial 
asthma. In glucose-6-phosphate dehydrogenase-deficient ind viduals, 
hemolysis may occur (frequently dose-related). During therapy, main- 
tain adequate fluic intake and perform frequent urinalyses with careful 
microscopic examination and renal function tests. particularly where 
there is impaired renal function. 


Since Septra may prolong prothrombin time in patients on warfarin, 
coagulation time should be reassessed when Septra is given. 


ADVERSE REACTIONS: All major reactions to sulfonamides and 
trimethoprim are ncluded, even if not reported with Septra. Blood 
Dyscrasias: Agranulocytosis, aplastic anemia, megaloblastic anemia, 
thrombopenia, leukopenia. hemolytic anemia, purpura, h\ypopro- 
thrombinemia and methemoglobinemia. Allergic Reactions: 
Erythema multiforme, Stevens-Johnson syndrome, generalized skin 
eruptions, epidermal necrolysis, urticaria, serum sickness, prusitus, ex- 
foliative dermatitis, anaphylactoid reactions, periorbital edema, con- 
junctival and scleral injection, photosensitization, arthralgia anc allergic 


myocarditis. Gastrointestinal Reactions: Glossitis, stomatitis, nausea. 
emesis, abdominal pains, hepatitis, diarrhea and pancreatitis. C.N.S. 
Reactions: Headache, peripheral neuritis, mental depression, convul- 
sions, ataxia, hallucinations, tinnitus. vertigo, insomnia, apathy, fatigue, 
muscle weakness and nervousness. Miscellaneous Reactions: Drug 
fever, chills and toxic nephrosis with oliguria and anuria. Periarteritis 
nodosa and L.E. phenomenon have occurred. 


Due to certain chemical similarities to some goitrogens, diuretics 
(acetazolamide and the thiazides) and oral hypoglycemic agents, sul- 
fonamides have caused rare instances of goiter production, diuresis 
and hypoglycemia; cross-sensitivity may exist with these agents. In rats, 
long-term administration of sulfonamides has produced thyroid malig- 
nancies. 


DOSAGE AND ADMINISTRATION: Not recommended for use in 
infants less than two months of age. 


URINARY TRACT INFECTIONS AND SHIGELLOSIS IN ADULTS 
AND CHILDREN AND ACUTE OTITIS MEDIA IN CHILDREN: 


Adults: The usual adult dosage for the treatment of urinary tract infec- 
tions is two tablets or four teaspoonfuls (20 ml) every I2 hours for 10 to 
14 days. An identical daily dosage is used for 5 days in the treatment of 
shigellosis. 


Children: The recommended dose for children with urinary tract infec- 
tions or acute otitis media is 8 mg/kg trimethoprim and 40 mg/kg 
sulfamethoxazole per 24 hours, given in two divided doses every 12 
hours for 10 days. An identical daily dosage is used for 5 days in the 
treatment of shigellosis. The following table is a guideline for the at- 
tainment of this dosage using Septra Tablets or Suspension. 


Children: Two months of age or older: 











Weight Dose — ever, 12 hours 
Ib kg Teaspoonfuls Tablets 
22 10 1( 5 ml) Ve 
44 20 2 (10 ml) ] 
66 30 3 (15 ml) 112 
88 40 2 (or 1 DS tablet) 


4 (20 ml) 


For patients with renal impairment: 





Creatinine Clearance Recommended 





(ml/min) Dosage Regimen 
Above 30 Usual Standard Regimen 
15-30 Half of the usual 
dosage regimen 
Below 15 Use Not Recommended 





PNEUMOCYSTIS CARINII PNEUMONITIS: 
The recommended dosage for patients with documented 
Pneumocystis carinii pneumonitis is 20 mg/kg trimethoprim and 
100 mg/kg sulfamethoxazole per 24 hours given in equally divided 
doses every 6 hours for 14 days. The following table is a guideline for 
the attainment of this dosage in children. 





Weight Dose — every 5 hours 
Ib kg Teaspoonfuls Tablets 
18 8 1( 5 ml) V2 
35 16 2 (10 ml) | 
53 24 3 (15 ml) 1 Y2 
4 | 


70 32 20 ml) 2 ‘or | DS tablet) 


HOW SUPPLIED: TABLETS, containing 80 mg trimethoprim and 400 
mg sulfamethoxazole — bottles of 40, 100, 500 and 1000 tablets: unit 
dose pack of 100. 


ORAL SUSPENSION, containing the equivalent of 40 maq trimethoprim 
and 200 mg sulfamethoxazole in each teaspoonful (5 ml), cherry fla- 
vored — bottle of 473 ml. Also available in double strength, oval- 
shaped, pink, scored tablets containing 160 mg trimethoprim and 800 
mg sulfamethoxazole — Compliance™ Pak of 20, bottle of 60 and unit 
dose pack of 100. 


References: 

l. Data on file, Burroughs Wellcome Co. 

2. Schwartz R, Rodriguez W, Ross S, et al: TMP-SMX in the treatment of 
otitis media secondary to ampicillin-resistant strains of H influen- 
zae. Second International Symposium on Recent Advances in Otitis 
Media with Effusion, Columbus, Ohio, 1979. 

3. Kucers A, Bennett N Mck: The Use of Antibiotics: A Comprehen- 
sive Review with Clinical Emphasis, ed 3. Philadelphia, Lippin- 


cott, 1978, p 700. 
Burroughs Wellcome Co. 


seal Research Triangle Park 


Wellcome} North Carolina 27709 


— GOODE TTUBE & INSERTER — 
BETTER VENTILATION | 
MADE EASIER. 


Inserter Product #13-16005 
Patents Pending 


Until today, you preferred the Goode 

T-Tube* because the extended shaft 

and extra-long, flexible flanges made it 

ideal for long-term middle ear ventilation. Š 

Now there’s another reason — the Goode ~ f 

T-Tube Inserter. * The exclusive design allows 

you to implant more quickly, easily and confidently. Contact 
Xomed today for a demonstration in your office. 

‘Developed by Richard L. Goode, M.D., Stanford, CA 


Xomed Inc. 
8641 Baypine Rd., Jacksonville, FL 32216 wE 
Call toll free 1-800-874-5797 


In Alaska, Hawaii or Florida, JE 

Call collect (904) 731-7109 O 
TWX 810-827-6439 A 

Xomed Canada N 
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RHINOMANOMETRY 1980 








(Clinical Application in Family and 
Rhinologic Practice — An American 
Rhinologic Society Seminar Workshop Book) 


By Maurice H. Cottle, MD, Chicago, Hlinois 











CONTENTS 


Part I: Preface, Forward, Introduction. Nasal 
Breathing Tests, Etiology of Disturbed Nasal 
Breathing, Pedagogy in Rhinomanometry, 
Symptoms of Nasal Origin, Nasal Reflexes. 
Early and Later Nasal Breathing Pressure 
Studies. 













Part II: Nasal Breathing Pressure Curves. 
Nasal Breathing Pressures and Cardio Pul- 
monary Illness, Normal and Basic Abnormal 
Breathing Patterns, Mechanical Rhinoman- 
ometry, Electronic Rhinomanometry (Dr. 
Charles Cools), Dynamic Flow/Pressure 
Study, Normal and Abnormal Variations of 
Nasal Pressure Graphs (list), Case Reports — 
Typical, Measuring Naso-Antral Pressure, 
Naso-Antral Pressure Recording. 












Part III: Sampling of Frequently Seen Pres- 
sure and Resistance Recordings, Differential 
Diagnosis of Difficulty of Breathing, Naso- 
Pulmonary Function Tests. Implicating Fac- 
tors in Heart Disease, Patients Report, Second 
Opinions and Rhinology, Epilogue. 









RHINOMANOMETRY 1981 







(Supplement to RHINOMANOMETRY 1980 
An American Rhinologic Society Seminar 
Workshop Book) 


By Maurice H. Cottle, MD, Chicago, Illinwis 








CONTENTS 


Earlier Reprints, Graphs of Patients with 
Previous Operations, Experimental and Other 
Unusual Breathing Pressure Studies, Addition- 
al Graphs Frequertly Encountered. Systemic 
Illness of Complete or Partial Nasal Origin, 
Concomitant Electrocardiograms and Rhino- 
sphygmograms, Graphs Taken in the Coron- 
ary Care Unit, Additional Heart and Lung Pa- 
tients, Additional Variations and Miscellany. 


Contribution for both copies: $100.00. 


Write: Pat A. Barelli, MD, Secretary, Ameri- 
can Rhinology Society, 2929 Baltimore, Suite 
105, Kansas City, MO 64108 A96 
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POSTGRADUATE COURSE 
IN 
CLINICAL ALLERGY 







Basic 1-2-3 Course in Serial Dilution, 
Skin Endpoint Titration and 
Food Allergy 


HYATT REGENCY HOTEL 
(Adjacent to Crown Center) 
2345 McGee Street 
Kansas City, MO 64108 


October 30 - November 4, 1981 


Limited number of registrants may participate in 
titration and food allergy testing. Demonstrations to 
follow on November 5 and 6, 1981 (advance and 
separate registrations required). 


Pre-registration: James W. Willoughby, MD, 1125 
Grand Ave., Suite 1505, Kansas City, MO 64106, 
(816) 842-6262. 

AMA CME Category I Credit 
Hour for Hour 

















TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Department of Otorhinolaryngology 
University of Michigan Medical Schoo] 


Malcolm D. Graham, MD, Course Director 


Oct. 19-23, 1981; Nov. 30-Dec. 4, 1981. 
Jan. 18-22, 1982; March 8-12, 1982: 
June 14-18, 1982; Sept. 20-24, 1982: 

Nov. 8-12, 1982 


Intensive one-week courses emphasize the surgical 
and anatomical approaches to temporal bone and 
are presented in a manner relevant for the otclogic 
surgeon, utilizing lectures, videotape presentations 
of surgical techniques and temporal bone dissection. 















Mornings and afternoons are spent in the dissection 
laboratory giving extensive drilling experience in 
both temporal bone anatomy and surgical tech- 
niques. Lectures and demonstrations provided by 
faculty of the Dept. of Otorhinolaryngology and 
Kresge Hearing Research Institute, blending basic 
science and clinical otologic instruction. Dissection 
instruments will be provided. 


FEE — $1000 


50 Hours Category I CME Credits 


For further information contact: Malcolm D. 
Graham, MD, Dept. of Otorhinolaryngology, 
University of Michigan Medical Center, Ann Arbor. 
MI 48109, (313) 764-4131 or (313) 763-5115. A45 
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I Great noses 
deserve 


Afrin 


the longest- . 
lasting nasal 
decongestant 


rapid onset of action... 
b.i.d. dosage 
for 24-hour relief 


Afrin delivers up to 24-hour relief of 
nasal/sinus congestion due to colds, 
allergies, and sinusitis; and of 
eustachian tube blockage. Available in 
nasal spray, menthol nasal spray, 

nose drops, and pediatric nose drops. 


Recommend Afrin... 
the longest-lasting 
nasal decongestant 


COPYRIGHT ©1980, SCHERING CORPORATION. ALL RIGHTS RESERVED SLS-567 






petence in the diagnosis and management of 






SURGICAL ANATOMY 
AND 
TECHNIQUES 
of the 
TEMPORAL BONE 








Dallas Foundation of Otology 






Fee: $650 — Practicing physicians 
450 — Residents 
Non-refundable after ten days prior to course 
dates. Deposits of $100 and $50 respectively 
accepted on these amounts. 







1981-82 dates: Sept. 6 - Sept. 11, 1981 
Jan. 31 - Feb. 5, 1982 











Contact: Fred D. Owens, MD, Dallas Foun- 
dation of Otology, 3600 Gaston Ave., Barnett 
Tower Suite 1105, Dallas, TX 75246, (214) 
742-2194. 






ITH COURSE IN CLINICAL NEUROTOLOGY 
November 9-12, 1981 


ILLINOIS EYE AND EAR INFIRMARY 
UNIVERSITY OF ILLINOIS AT THE MEDICAL CENTER, CHICAGO 


This four-day course of comprehensive study is for the otolaryngologist and neurologist who seek improved com- 
patients with any form of dizziness or disequilibrium. 
tunity for developing an understanding of neurotological test procedures which are of proven value in the diagnosis of 
vestibukar disorders and reliable in establishing the site of lesion. The course, limited to a small group of participants, 
provides instruction in pathophysiology of the vestibular system with its central connections; diagnostic test methods: 
interpretation of neurotologic findings and correlation with audiologic and radiologic findings, including CT 
dynamic flow studies; medical and surgical management of conditions affecting the vestibular system and principles 
and use of diagnostic equipment. Time will be devoted to in-depth discussion of Meniere’s disease, etiology and dif- 
ferentiation of posture-related dizziness, and to vestibular decruitment as a sign of central pathology. 


Course directors are Nicholas Torok, MD, and Arvind Kumar, MD. Course faculty include Lee R. 
Hamilton, MPH; David Harris, PhD: Cecil W. Hart, MD; Richard Marcus, MD; Brian McCabe, MD: 
Jack Pulec, MD; Oscar Sugar, MD; and Galdino Valvassori, MD. 


Registration fee is $450 ($250 for residents with letter from program director). 
CATECORY 1 CREDIT: 28 HOURS 


For program brochure and registration details. contact: University of Illinois at the Medical Center, Office of Conti- 
nuing Education Services, 1853 West Polk Street. Room 144, Chicago, IL 60612, (312) 996-8025. 
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It offers an oppor- 
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Third National Congress 





SOUTH AFRICAN SOCIETY 
of 
OTORHINOLARYNGOLOGY 








October 12-16, 1981 
Maharani Hotel, Durban 







The Congress will consist of a one-day Allergy 
Workshop followed by four days of general 
papers. Visiting speakers include Prof. D.F.N. 
Harrison and Dr. John Fredrickson. 







Summaries of papers should be submitted by 
August 31, 1981. 


Registration fee: $90 US dollars (includes a 
full social/ladies program). 


Applications to: John Hamilton, FRCS. 1401 
Durdoc Centre, 460 Smith St., Durban. 4001. 
South Africa. 











» Vestibulometry 
Instruments 


THE MOST COMPREHENSIVE SELECTION AVAILABLE 


Instruments not shown above include: 
e Single-channel electronystagmograph 
e Projecting optokinetic and sinusoidal-tracking stimulator 
e Light-bar calibrator and gaze tester 
èe Torsion-swing chair 


BACKED BY SERVICE 


Nationwide service center network supported by complete 
factory service department. 








SPEC ALLY TRAINED FIELD- 

SERVICE PERSONNEL 

Install all laboratories and 

fami. arize the tester with i 
NYSTAGMUS V=LOCITY instr. ment operation g 
COMPUTER 
Replaces tediows, hand-calculations 
with a single buttton-push l 


DUAL-CHANNEL 
ELECTRONYSTAGMOGRAPH 
Plug-in, modular components 
Engineered to produce clean, 
artifact-free records 





+ 
INSTRUMENT CART (optional) 
Incorporates all instruments into a 
? single, compact, portable unit 


WATER CALORIC IRRIGATOR 
Unsurpassed accuracy. Exceptionally 
easy to clean and refill 


AIR CALORIC IRRIGATOR 
Provides warm or cold stimuli. No 
internally circulating fluids 





= Life-Tech | 
Instruments, Inc. 


BOX 36221- HOUSTON TEXAS 77036 - (713) 783-649 


COSMETIC 
AND 
AESTHETIC SURGERY 
FELLOWSHIP 


Available July 1982, 12-month program. 
Yearly case load of over 2,000 facial and 
general plastic procedures. 


Candidate must have had an Otolaryngolo- 
gy or General Plastic Surgical residency. 


Staff composed of facial plastic and general 
plastic surgeons. 


Call or write: Julius Newman, MD, Chair- 
man, Department of Cosmetic and Aesthetic 
Surgery, Graduate Hospital (affiliated with 
University of Pennsylvania School of Medi- 
cine), 1455 City Line Ave., Philadelphia, PA 
19151, (215) 896-6677. 





















Advance Registrations Now Being Accepted 


TEMPORAL BONE 
SURGICAL DISSECTION COURSE 
HOUSE EAR INSTITUTE 


In Cooperation With 
University of Southern California School of Medicine 


TWO WEEKS EACH 
March, April, October, November 1981 & 1982 


Participants spend four hours daily in the dissection 
laboratory and four hours observing live telecasts of 
correlated surgery. Early evening lectures and films are 
preparatory to next day's training. Course includes de- 
monstration and practice of multiple approaches to the 
structures of the temporal bone as used by members ofthe 
Otologic Medical Group, Inc. 


Each course limited to 24 board certified or board eligible 
otolaryngologists and residents. 





Tuition (U.S. Currency) 
Physicians — $1500 
Residents — $1200 
(With letter from Chief of Service) 


CME Credit: 100 Hours 







For further information: 
Antonio De La Cruz, MD, Director, Temporal Bone Surgical 
Dissection Course, Ear Research Institute, 256 South Lake 
Street, Los Angeles, CA 90057. A75 








POSITION AVAILABLE 


Otolaryngologist 
Interested in 
Clinical Otolaryngology 
Teaching-Research 


Prefer special interest in pediatric otolaryn- 
gology and/or allergy. Salary commensurate 
with ability and experience. 


University of Miami School of Medicine- 
Veterans Administration Hospital Medical Centers 
Department of Otolaryngology (D-48) 

P. O. Box 016960 
Miami, FL 33101 


Please write and send CV and all pertinent informa- 
tion io: J. R. Chandler, MD, Professor and Chair- 


man. 


Equal Opportunity Employer 









ELECTRONYSTAGMOGRAPHY 


Short Courses for Physicians, Audiologists 
and Technicians 
Sponsored by 


The Methodist Hospital and the Institutes of 
Otorhinolaryngology and Communicative Disor- 
ders, and Neurology, The Neurosensory Center of 
Houston. 


September 26-28, 1981 


Two parallel 3-day intensive courses in clinical 
ENG are offered. Technicians course stresses prac- 
tical aspects of test techniques, and physicians’ 
course stresses clinical applications. Audiologists 
may take a specially shediled program which in- 
cludes parts of both the techniques and interpreta- 
tion courses. Courses rely heavily on tutorial 
teaching methods to allow ample opportunity for 
supervised trial-and-error learning. 

A report of each technician trainee’s performance, 
including examination scores and an evaluation of 
seni bormpetence, will be given the trainee and 
the employer. 


Course Instructors: Alfred C. Coats, MD, and staff. 
Tuition: $350.00. Limited enrollment. 


Address inquiries to: ENG Laboratory, The Metho- 
dist Hospital, 6565 Fannin, Houston, TX 77030, 
(713) 790-5925. 





Montgomery Tracheal Cannula* 


Boston Medical Products, Inc. 





The Montgorery Tracheal Cann a!a provides either temporary or long-term access 
to the trachec. airway in situatiors that require an artificial airway or where access 
is needed for oulmonary hygiene. 


The Montgomery Tracheal Trephime Fenestrator ts specially designed to give the 
correct size ad shape opening forinsertion of the Cannula. 


Both Cannu‘a and Fenestrator ar currently in production and are available from 
Boston Med «al Products, Inc. 


Address orders or inquiries to: 


Boston Medical Products ire. 
120 Lewis Ve harf 

Boston, Massachusetts 02110 
617/523-305 





*Montgome-y WW. Silicone tracheal cannula. Ann Otol Rhinol Laryngol 1980; 89:521-528 











SEMINAR 
e February 4-6, 1982 
FIRST INTERNATIONAL SYMPOSIUM AND WORKSHOPS ý 
ON SURGERY OF THE INNER EAR l Pier 66 Hotel 
n aN Fort Lauderdale, Florida 
JOR TOPICS . 
ENDO LYMPHATIC HYOROPS, AND VERTIGO, COCHLEAR IMPLANTS State of the Art in 
E Otolaryngology — Head and Neck Surgery 
George W. Allen, M D. Chicag = 
Pou! Bretlau, M D. Copenhagen. DE NMa R aC 7 
ELOTT, Prof a mere rhs Vienna, AUSTAL Fac ulty 
Prot. Georges Porman, Bordeaux. FRANCE V. PR. Gibson. M.D.. FACS, LondsniliNGLAND Robin T. Cotton, MD William R. Panje, MD 
George E Shambaugh, Jr D., Hinsdale, Illinois ichael a ock, III D. Nash Tennessee 4e P è . 
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J Wilham Wright. Jr At ndianapel jan . ~ . . y . . . . 
SPECIAL CULTURAL AND Galdino E Valvasson, M D, Chicaga ir cine (Gainesville), the University of Miami School of 
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r E E A Medicine (Miami), and the University of South Florida Col- 
en Music Festival FOR FURTHER INFORMATIO’” WRITE D a ¢ 
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ee River Daring Expedition Colorado Otologic Research Gater (CORC) 
a Ý p aiabhantren ala ER Porter Memorial Hospitai/Swe=ish Medical Center Registration fee: $225 - practitioners 
Mountain Hiking and Horseback Ridin nver. Coldtado inin. iE r + P . . . 
ga ° Denver, Colorado 80210, LEE $100 - residents upon application from their Department 
Sponsored by the Colorado O ologic Research Center (CORC) at PorteeMemorial Head 
School forthe Deal “eet Denver, Colorado 80210 and The assen Camp 
ae Program accredited by Council on Medical Education of the 
AMA, Category 1 of the Physicians Recognition Award. 
Mail registration fee (US dollars only) payable to “Florida 
Midwinter Seminar,” 405 NE 144th St., Miami, FL 33161. 
=4 e . . š 
Special reduced rates have been arranged with the Pier 66 
F Hotel, PO Drawer 9177, Fort Lauderdale, FL 33310. — agi 
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ACTIFED TABLETS 


ON BOARD THE 


SPACE SHUTTLE COLUMBIA 


When a cold'strikes hundreds of miles 
in space, a decongestant can’t afford to fail. 


Actifed Tablets have been in the NASA Space Medicine Kit since 1968. They provided 
symptomatic relief during five Apclio missions! When the Space Shuttle Columbia was 
launched from Cape Canaverl on April 12, 1981, Actifed was on board ready 
to provide dependable decongestant/ antihistamine relief if needed. 

For symptomatic relief of winter cold symptoms* 

(and year-round allergic rhinitis)* 


ACTIFED Tablets/Syrup 


Each scored tablet contains ACTIDIL® triprolidine HCl) 2.5 mg, SUDAFED® (pseudoephedrine HCI) 60 mg. 
Each 5 cc teaspoonful of syrup contains ACTIDIL” 1.25 mg and SUDAFED® 30 mg. 


You can count on it! 


“This product has been evduated as ‘‘la 
fixed combination” farthis indicati 
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cking substantial evidence of effectiveness as a 

on. Please see prescribing information. 

*This product has been evaluated as ~probably”’ effective for this indication. Please 
see prescribing information. 


Reference: 1. Johnston RS, Dietlein LF Berry CA (eds): Biomedical Results of 
Apoli> Washington, DC, National Aeronautics and Space Administration, 
1&5, p63. 
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IN THE NASA SPACE 
MEDICINE KIT SINCE 1968. 
Now part of the 

Space Shuttle Era. 


ACTIFED Tablets/Syrup 


Fach scored tablet contains ACTIDIL® (triprolidine HCl) 2.5 mg, SUDAFED® 
(pseudoephedrine HCI) 60 mg. Each 5 cc teaspoonful of syrup contains 
ACTIDIL® 1.25 mg and SUDAFED® 30 mg. 


ACTIFED® Tablets and Syrup 


INDICATIONS: Based on a review of this drug by the 
National Academy of Sciences—National Research Council 
and/or other information, FDA has classified the indica- 
tions as follows: 

“Probably” effective: For the symptomatic treatment of 
seasonal and perennial allergic rhinitis and vasomotor thi- 
nitis. 

“Lacking substantial evidence of effectiveness as a fixed 
combination’ `: For the prophylaxis and treatment of the 
symptoms associated with the common cold. 

Final classification of the less than effective indications 
requires further investigation. 













CONTRAINDICATIONS: Contraindicated in newborn or prema- 
ture infants: in nursing mothers; for the treatment of lower respira- 
tory symptoms including asthma; in patients hypersensitive to: 1) 
triprolidine hydrochloride and other antihistamines of similar 
chemical structure; and/or 2) sympathomimetic amines includ- 
ing pseudoephedrine; in patients on monoamine oxidase inhibitor 
therapy (see Drug Interactions Section). 


WARNINGS: Use with considerable caution in patients with: 
increased intraocular pressure (narrow angle glaucoma), stenos- 
ing peptic ulcer, pyloroduodenal obstruction, symptomatic pros- 
tatic hypertrophy, bladder neck obstruction, hypertension, 
diabetes mellitus, ischemic heart disease, hyperthyroidism. 


Sympathomimetics may produce central nervous stimulation 
with convulsion or cardiovascular collapse with accompanying 
hypotension. 


Use in Children: As in adults, the combination of an antihista- 
mine and sympathomimetic amine can elicit either mild stimu.a- 
tion or mild sedation in children. In the young child, mild 
stimulation is the response most frequently seen. In infants anc 
children, especially, antihistamine in overdosage may cause hēl- 
lucination, convulsion or death. Large doses of pseudoephedrime 
are known to cause asthenia, lightheadedness, nausea and/or 
vomiting. 

Use in Pregnancy: Experience with this drug is inadequate to 
determine whether there exists a potential for harm to the devel 
oping fetus. 

Use with CNS Depressants: Triprolidine has additive effects with 
alcohol and other CNS depressants (hypnotics, sedatives, trar- 
quilizers, etc.). 


Use in Activities Requiring Mental Alertness: Patients should be 
warned about engaging in activities requiring mental alertness as 
, driving a car or operating appliances, machinery, etc. 


Use in the Elderly: (Approximately 60 years or older): Antihiste- 
mines are more likely to cause dizziness, sedation and hypoter- 
sion in elderly patients. Overdosages of sympathomimetics in 
this age group may cause hallucinations, convulsions, CNS 
depression, and death. 


PRECAUTIONS: Use with caution in patients with history of 
bronchial asthma, increased intraocular pressure, hyperthyroid- 
ism, cardiovascular disease, hypertension. 


DRUG INTERSCTIONS: MAO inhibitors prolong and intensify 
the anticholine-gic (drying) effects of antihistamines and overall 
effects of sym»athomimetics. Sympathomimetics may reduce 
the antihypertension effects of methyldopa, decamylamine, 
reserpine, and.weratrum alkaloids. 

ADVERSE FEACTIONS: The most frequent adverse reactions 
are underline 

1. General: G@raicaria, drug rash, anaphylactic shock, photosensi- 
tivity, excessive perspiration, chills, dryness of mouth, nose and 
throat. 

2. Cardiovascilar System: Hypotension, headache, palpitations, 
tachycardia, extrasystoles. 

3. Haematoiagic System: Hemolytic anemia, thrombocyto- 
penia, agranumcytosis. 

4. Nervous Sestem: Sedation, sleepiness, dizziness, disturbed 
coordinatior, “atigue, confusion, restlessness. excitation, ner- 
vousness, tremor, irritability, insomnia, euphoria, paresthesias, 
blurred vision diplopia, vertigo, tinnitus, acute labyrinthitis, hyste- 
ria, neuritis, convulsions, CNS depression, hallucination. 

5. G.I. Systera: Epigastric distress, anorexia, Nausea, vomiting, 
diarrhea, constipation. 

6. G.U. System: Urinary frequency, difficult urination, urinary 
retention, eariy menses. 

7. Respiraters System: Thickening of bronchial secretions, tight- 
ness of chest and wheezing, nasal stuffiness. 


OVERDOSAGE: Overdosage reactions may vary from central 
nervous system depression to stimulation. Stimulation is particu- 
larly likely in cildren. Atropine-like signs and symptoms: dry 
mouth: fixec, dilated pupils; flushing; and gastrointestinal symp- 
toms may a ®© Occur. 


If vomiting ke not occurred spontaneously the patient should be 
induced to yanit. Precautions against aspiration must be taken, 
especially ir imfants and children. If vomiting is unsuccessful, 
gastric lavage is indicated within 3 hours after ingestion and even 
later if largea™mounts of milk or cream were given beforehand. 
Isotonic ane % isotonic saline is the lavage solution of choice. 
Saline catharaics, as milk of magnesia, draw water by osmosis 
into the bowe and therefore, are valuable for their action in rapid 
dilution of bowel content. Stimulants should not be used. Vaso- 
pressors may, be used to treat hypotension. 


DOSAGE AND ADMINISTRATION: Dosage should be individu- 
alized according to the needs and the response of the patient. 
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LABYRINTHINE SEGMENT AND GENICULATE GANGLION OF 
FACIAL NERVE IN FETAL AND ADULT HUMAN TEMPORAL BONES 


XIAN-XI GE, MD GERSHON J. SPECTOR, MD 


St. Louis, Missouri 


The later stages of development (15-40 weeks in atero) of the geniculate ganglion and labyrinthine segment of the facial nerve in the 
human fetus demonstrate minimal neuronal growth. The vascular supply is w=!l established. The major changes occur in the perineural os- 
sification pattern. The canal of the labyrinthine facia! nerve segment ossifies first via the petrous apex and periotic capsule. The narrowest 
portion of the canal is at the geniculate ganglion in the earlier stages and at -be fundus of the internal auditory canal at term. The genicu- 
late ganglion area ossifies by means of two bony plates. The medial plate is a derivate of the periosteal growth of the petrous apex and the 
lateral plate is an extension of membranous bone fror» the squama. The majo relationships to the middle ear do not change. The hiatus of 


the facial canal diminishes in size during gestation, bat remains patent at bisth. 


INTRODUCTION 


Clinical studies on facial nerve paralysis have 
suggested that the proximal portion of the facial 
nerve, ie, the labyrinthine and meatal segments, 
may be the major sites of pathological -esions.'~’ 
Fisch and Esslen noted pathologic nerve fiber 
changes (following total intratemporal aerve VII 
exposure for Bell’s palsy) in the labyrinthine seg- 
ment in 11 of 12 cases and in the proximal meatal 
facial nerve segment in 8 of 11 cases.'® Many 
authors have noted lesions in the labyrinthine seg- 
ment, geniculate ganglion, and in the prozimal part 
of the internal auditory canal in herpes zoster oticus 
and other viral diseases.'''® In additiam, a vast 
variety of other lesions have been attribuced to this 
area.'°-?’ 


The purposes of this paper are: 


1. To observe the ossification pattern surround- 
ing the geniculate ganglion and labyrinthine seg- 
ment of the facial nerve in human feta! temporal 
bones. 


2. To measure the labyrinthine segment and ge- 
niculate ganglion in the fetal and adult temporal 
bones. 


3. To measure the critical anatomic distances 
and relationships of the labyrinthine segment and 
geniculate ganglion to the neighboring anatomic 
structures. 

4. To elucidate the clinical and surgical signifi- 
cance of the developmental and anatomic features 
of the geniculate ganglion and the labyrinthine seg- 
ment of the facial nerve. 


MATERIALS AND METHODS 
FETAL STUDIES 


Forty consecutive temporal bones were obtainee from fetuses 
and neonates who died of various medical disorders. Complete 


autopsies were performed in all cases. The autopsy information 
on these temporal bones has been previously reported.?*?? All 
ten-poral bones which were used for this light microscopic study 
were cut adequately for direct measurements. These included 13 
paicsef temporal bones from fetuses and neonates for comparison 
of ome ear to another. 


A fixative consisting of 4% glutaraldehyde in a sodium phos- 
phate buffer (pH 7.4), brought to tonicity (Osmette A® digital 
osmmemeter, Precision Systems, Inc., Sudbury, Mass.) with 
sucrese (280 mOsm), was prepared just prior to use. Temporal 
bomes were injected with fixative by the transtympanic route and 
them removed with a Stryker saw. After fixation overnight, the 
temperal bones were decalcified with RDO® (DuPage Kinetic 
Lad». Inc., Downers Grove, Ill.). The bones were trimmed, care 
beam taken to preserve the neural elements attached to the 
crerial surface, then dehydrated in graded ethanols, and embed- 
ded `n colloidin. After embedding, the bones were oriented in the 
mic»etome so that sectioning was parallel to the labyrinthine seg- 
mer~of the facial nerve. The temporal bones were cut in the clas- 
sic vertical sectional plane. Sections were taken every 20 p, 
mounted in serial order, labeled and stained with hemotoxylin 
anckeosin. Some sections were stained with a nuclear stain. 


Taly temporal bones with the entire length of the labyrinthine 
segraent of facial nerve and geniculate ganglion on a single tissue 
seetoon were used for the measurements. A slide projector with a 
magnification ratio of 45:1 was used. The critical parameters 
wer drawn on grid paper for accurate measurements. 


The fetal measurements of gross body length, weight, and ges- 
tacisnal age were determined by the pathologist by direct mea- 
surements and acceptable gestational criteria and correlated with 
the maternal history.** The following measurements were per- 
formed: 


E Length and width of geniculate ganglion at different gesta- 
tiomal ages. 

£. Entire length of labyrinthine segment from the vertical crest 
(in the fundus of the internal auditory canal) to the geniculate 
gerglion. 

& Widths at the narrowest and widest portions of the laby- 
rihine segment. 


e, Relationship between the size of the labyrinthine facial 
nexe segment and its bony canal at the entrance and exit of the 
Falopian canal; also the narrowest diameter of the bony canal 
wes determined. 


5. Distance from geniculate ganglion to middle ear, 


». Ossification pattern around the geniculate, ganglion, the 


From the Department of Otolaryngology, Washingtem University School of Me- icine, St. Louis. This research was supported by a grant from the EA 


Foundation, Nashville, Tennessee. 


Dr. Ge is a visiting scholar from the Department of Otolaryngology, 6th Peqpse’s Hospital, Shanghai, China. 
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Fig. 1. Genicukate pinson length vs gestational age. 
Geniculate ganglien length does not increase significantly 
with the later stages of gestation. 


labyrinthine segment and the middle fossa plate were als deter- 
mined. 


ADULT STUDIES 


Ten human temporal bones (five pairs) were removed at autop- 
sy from adults. The dara was attached to the bone and the nerve 
endings were preserved in the internal auditory canal. The tem- 
poral bones were freshly frozen in saline. A simple mastoidectomy 
was performed. The mastoid cells were exenterated and the 
semicircular canals were skeletonized. The facial nerve was iden- 
tified and skeletonized Removal of the bony cover from the fallo- 
pian canal allowed for-exposure of the nerve sheath to the anterior 
portion of the geniculate ganglion. It was necessary to identify 
and preserve the cockleariform process just below the anterior 
part of the tympanic segment of the facial nerve. 


A labyrinthectomy was begun by opening the semicircular 
canals. The vestibule was opened widely and the internal audi- 
tory canal was exposec. The vertical and transverse crest was ex- 
posed. Posterior to the-vertical crest the superior vestibular nerve 
was identified and removed. Anterior to the crest the facial nerve 
was identified and preserved. Further dissection removed the 
bony cover and exposed the labyrinthine segment and geniculate 
ganglion of the facial rerve. In some cases a middle fossa dissec- 
tion was performed for better visualization and measurement. 


Measurements were taken within a dissecting microscepe (at 
10x and 16x magnifica-ion) which was fitted with a micreruler 
within one eyepiece. The following measurements were per- 
formed: 


l. Length of labyrin-hine segments. 


2. Width at the nar-owest and widest portions of the laby- 
rinthine segment. 


3. Distance from the-geniculate ganglion to the end of the lab- 
yrinthine segment at the fundus of the internal auditory meatus. 
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Fig. 2. Geniculate ganglion width vs gestational age. 
Geniculate ganglion width does not increase significantly 
with the later stages o° gestation. 
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Fig. 3. Comparison of the geniculate ganglion øn both 
sides of the same fetus. A wide variation of readings with a 
significant degree of asymmetry is shown. However there 
is no progressive enlargement during 20-40 weeks of gesta- 
tion. 


4. Length and width of the geniculate ganglion. 


5. Sizes of the bony entrance of the fallopian canal and the 
meatal fundus. 


6. Distances from cochleariform process to the anter-or part of 
the geniculate ganglion. 


RESULTS 
FETAL TEMPORAL BONES 
Geniculate Ganglion. 


MEASUREMENTS. The length and width of the genic- 
ulate ganglion were measured at various gestational 
ages of the fetus (15-40 weeks in utero) and also cor- 
related with fetal weight and length. At each age 
group no statistically significant differences in the 
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Fig. 4. Distance from ganglion to middle ear (G.-ME.) 
vs gestational age. Distance from the anterior border of the 
geniculate ganglion to the middle ear does not change dur- 
ing the later stages of gestation. 
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Fig. 5. At 15 weeks pr ee the primitive hiatus of the facial casal (HFC) communicates the middle cranial fossa with 
a 


the middle ear. The can 


of the labyrinthine segment of the facial ne~e (VII), otic capsule, vertical crest (IC), petrous apex 


(PA), and stapes (ST) are not ossified. The geniculate ene (GG and distal labyrinthine nerve segment are dehiscent. 


Clear arrows denote bone development. PN - Petros 
nerve, PV - Petrosal vein. (PTAH stain) 


length and width of the geniculate ganglion were 
observed (Figs. 1 and 2). 


The length of the ganglion ranged from 0.33 to 
1.2 mm with an average of 0.97 mm. Generally the 
smaller ganglia were noted at earlier gestational 
ages, lower fetal weights and shorter lengths. The 
width of the geniculate ganglion ranged from 0.12 
mm to 0.56 mm with an average width o! 0.32 mm. 
Generally the widest ganglia are associated with in- 
creased gestational age, higher fetal weight and 
larger fetuses. 


A comparison with fetal weight and length showed 
a similar correlation. This indicates that the growth 
of the geniculate ganglion in the later stages of 
development in the human fetus is minimal. There 
is a slight increase (statistically insignificant) in 
geniculate ganglion parameters from 15 weeks until 
35 weeks in utero and then the slope of the curve 
flattens out until term is reached at 40 weeks in 
utero (Figs. l and 2). 


Comparison of ganglion measurements (length 
and width) on both sides of the same fetus demon- 
strates statistically significant apparent differences 
(Fig. 3). Both sides in the same fetus tend not to be 
symmetrical between 20-35 weeks in utero. How- 
ever, there is no progressive enlargement of the ge- 
niculate ganglion size with gestational age. Thus it 
appears that the geniculate ganglion is formed prior 
to 15 weeks in utero to a stage of development 

ich is seen at term or delivery. 


nerve, IAC Internal auditory canal, VIII” - Superior vestibular 


“he distance from the geniculate ganglion to the 
epivmpanum is similar at all stages of fetal devel- 
opment. This constant parameter is approximately 
l rm during the entire gestational period. It does 
no vary with fetal weight and length (Fig. 4). 


OSSIFICATION PATTERN. Unlike the ossification pat- 
tem of the canal of the labyrinthine segment of the 
facal nerve (which forms in the petrous bone), the 
geaiculate ganglion area is ossified partially in the 
membranous bone (squama of the temporal bone) 
of the middle fossa plate, ie, the floor of the middle 
cractial fossa. 


àt 15 weeks in utero the geniculate ganglion and 
its blood supply (the superficial petrosal branches 
fren the middle meningeal artery which is derived 
fren the internal maxillary artery) lie in the dural 
cœ densation on top of the anterior epitympanum. 
At this stage the middle fossa is continuous with the 
m idle ear spaces via the epitympanum (Fig. 5). 
Tis constitutes the primitive hiatus of the facial 
camal. At 20 weeks in utero medial and lateral bony 
pEtes begin to form in the squama and petrosa 
al-ng the floor of the middle fossa (Fig. 6). These 
tvo plates of bone begin to approximate each other 
during the later part of gestation. At 35 weeks in 
uro the undersurface of the geniculate ganglion is 
separated from the epitympanum by bone (Fig. 7). 
T-is closes the primitive hiatus of the facial canal 
am separates the epitympanum from the middle 
ezanial fossa. However the cranial surface is still 


4 GE-SPECTOR 








Middle Cranial Fossa 






i OE 
, 


LAR 


A . : f i 
me as O x \ 
2 Middle, Ear 





s$ 






Q 
S 7S 
4i , \ 
`~ met 
4 
= 
7 









Vestibule 
 Epitym 


— 


=, 


anum = 


MEEA A 
~~ - 
— = 


p 










Se ~Petrosal V. 
“9 Hiatus Facial C. 


Middle Fossa 


Fig. 6 A-C). Development of medial and lateral bony plates (clear arrows) between 15-20 weeks gestation. The 
primitive HFC is still patent, communicating middle ear with middle cranial fossa. A) SM - Scala media, SV - Scala 
vestibuli, VIIIS - Cochlear nerve, STy - Scala tympani. B) OC - Otic capsule, S - Saccule. C) M - Malleus, I - Incus, HSC 
-Horizontal semicircular canal, STm - Sinus tympani. PE - Pyramidal eminence. 


dehiscent with direct dural attachment to the Nevertheless the size of the middle fossa dehiscence 
geniculate perineural tissues. A portion of this decreased in direct relation to increasing gestational 
dehiscence persists into adulthood as the hiatus of age. The size of the middle fossa plate dehiscence 
the facial canal (hiatus facialis) (Fig. 8). over the geniculate ganglion is similarly related to 
All of the cases (including the infants from term micneastny, byte) Weight and teneth (Pig. D). 
until one month postpartum), except for three later From our study it appears that the bony middle 
stage fetuses, had persistent dehiscences of the bony fossa plates (medial and lateral) form at 20 weeks in 
cavering over the dural surface of the geniculate utero and fuse by 35 weeks in utero. The vast ma- 
ganglion. Thus the geniculate ganglion was in di- jority of ganglia are dehiscent at birth (ergo the 


rect communication with the middle fossa dura. surgeon must be aware of this fact while elevati 
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the middle fossa dura so as not to damag the genic- 
ulate ganglion in infants and young children). A 
comparison of the ossification of the middle fossa 
plate on both sides in the same fetus demonstrates 
an asymmetrical ossification pattern. Thus both 
geniculate ganglia may not be similarly covered 
with bone (Fig. 3). 


As bone covers the geniculate ganglion, the sur- 
rounding dura and its blood supply (petrosal 
branches of the middle meningeal artery) are en- 
compassed simultaneously. Thus the biood supply 
which arises from the middle menimgeal artery 
enters the geniculate at the middle fossa plate 
dehiscence, ie, the hiatus of the facial canal. Then 
the vessels divide to supply the distal labyrinthine 
segment (anastomosing with branches from the in- 
ternal auditory artery which is usually a division 
from the anterior inferior cerebellar artery) and 
follow the facial nerve in the fallopian canal into 
the middle ear (anastomosing with the stylomastoid 
artery which is a division of the occipital or pos- 

rior auricular arteries) (Fig. 10). 
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Fig. 7 A-C). Closure of the primitive HFC 
separating middle cranial fossa (MCF) from 
the middle ear (ME) between 20 and 35 
weeks in utero. Clear arrows depict the 
growth of the bony plates. IAA - Internal 
auditory artery, FC - Falciform crest. (A - 
PTAH stain, B and C - H & E) 


I abyrinthine Segment. 


\ EASUREMENTS. The length and narrowest width 
cf the labyrinthine segment of the facial nerve were 
measured at various gestational ages (15-40 weeks 
in atero) and also correlated with fetal weight and 
leasth. At all age groups no statistically significant 
di#erences were noted in the length of the laby- 
rinchine segments (Fig. 11). Generally the larger fe- 
tuses (longer and heavier) had longer labyrinthine 
seaments. Thus the length of the labyrinthine seg- 
ment remains constant during the later stages of 
gestation (15-40 weeks in utero). 


There is a slight tendency on the average to note 
an increase in the labyrinthine segment of the facial 
a-ve in the 2500-3000 g fetal stages (0.6-0.7 mm) 
av at 40 mm fetal length (Fig. 11). The labyrinth- 
ime segment ranged from 0.71 mm to 2.13 mm with 
am average of 1.67 mm in length. 


The narrowest width of the labyrinthine segment 
i not constant along the nerve (as measured from 
tue fundus of the internal auditory meatus to the 
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geniculate ganglion). Thus the narrowest portion 
can be located near the geniculate ganglion or near 
the vertical crest or in the middle of the segment. 
The same is true for the widest portion of the seg- 
ment (Tables 1 and 2). Generally over half of the 
narrowest diameters cf the segment are near the ge- 
niculate ganglion. The widest diameter of the laby- 
rinthine segment ranged from 0.16 mm to 0.78 mm 
with an average of 0.4 mm. The narrowest diam- 
eter ranged from 0.08 mm to 0.3 mm with an aver- 
age of 0.24 mm. 


OSSIFICATION PATTERN. The ossification pattern for 
the bony canal which encases the labyrinthine seg- 
ment of the facial nerve is intimately associated 
with the ossification of the petrous bone and the otic 
capsule surrounding the apical turn of the cochlea. 
The ossification of the petrous pyramid occurs in a 
cartilaginous framework as a preexisting mold. In 
addition there are contributions from Reichert’s 
cartilage to the formation of the fallopian canal. 


At 20 weeks in utero we note ossification aleng 
the luminal surface of the bony canal. The vertical 
crest is still cartilaginous (Fig. 5). The otic capsule is 
still filled with vascular channels. The petrous apex 
is filled with vascular channels, bone marrow 
spaces and still has cartilaginous rests. The stapes 


Fig. 8 A-C). Progressive narrowing of the 
HFC. Narrowing is indicated by the clear ar- 
rows at 35 weeks to one month postpartum. 
Geniculate ganglion is partially covered with 
bone. Note in B) that the geniculate cell 
bodies are not localized in a ganglion but are 
dispersed throughout the agate ine seg- 
ment of the facial nerve. (A - PTAH tain, B 
and C - H & E) 
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and footplate are cartilaginous. There is early 
ossification beginning in the heads of the malleus 
and incus (Fig. 6). The facial canal is wide open 
and short with a nerve to canal width ratio of 1:5 
(Fig. 5). There is some ossification beginning on the 
superior luminal surface of the internal auditory 
meatus (Fig. 12). 


With progressive ossification the bony canal 
lengthens and narrows. The distal end fuses with 
the middle fossa bony plate. The superior border 
ossifies in continuation with the superior lip of the 
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Fig. 9. Middle fossa dehiscence vs fetal body length. 
Dehiscence at the hiatus of the facial canal diminishes with 
gestational age and fetal length. 
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Petrosal 


Fig. 10 A,B). Vascularity of 
the geniculate ganglion and laby- 
rinthine segment. Note that tem- 
poral bones were cut in a trans- 
verse plane. The petrosal vessels 
are cut in cross-section (ie, they 
run in a horizontal plane) and 
facial branches (FB) from the in- 
ternal auditory artery run paral- 
lel. EP.V. - Epitympanic vessel. 
Also note Figs. 7 B,C and 12. 





internal auditory canal. The inferior border ossifies 
with the otic capsule of the cochlear aex. At 25 
weeks in utero the nerve-to-canal wicth ratio is 
1:3.9, by 30 weeks it is 1:2.9 and at 35 weeks the 
ratio is 1:1.9. The overall ratio of nerze-to-canal 
width at 35-40 weeks in utero is 1:1.9 or less. In 


some term fetal temporal bones the ratb is almost 
1:1. 


We have noted a few variations in the relation- 
ship of the labyrinthine segment of the merve to its 
bony canal. The most common pattern s that of a 
long bony canal which is twice as large & the nerve 
in width (17 cases). In three cases the ony canal 
was almost the same width as the nerve The peri- 
neurium is closely attached to the bony zanal wall. 
In two cases the entrance to the bony canal was 
quite small. In these the vertical crest protruded in- 
to the canal and was fixed tightly against the laby- 
rinthine segment of the facial nerve (Fi. 13B). In 
six cases we noted a constriction alonz the bony 
canal, distally, near the geniculate gar glion (Fig. 
13A). Thus the ossification pattern, which is not 
symmetrical in both temporal bones of the same fe- 
tus, produces variations in bony canal caomformation 
to the shape of the labyrinthine segmer~ of the fa- 
cial nerve. This, of course, may have a bearing on 
the clinical manifestations of facial nerv= disorders. 


An interesting observation is the comparison of 
data from Tables 1 and 2 which sænifies that 


vessels nd 
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the greatest variation in size occurs in the proximal 
pertion of the bony canal, ie, near the vertical crest 
of the internal auditory canal. Thus the widest and 
narrowest diameters occur in this region. These 
may reflect the ossification pattern of the vertical 
crest at the canal inlet (fundus) (Fig. 13). 


ADULT TEMPORAL BONES 


Five pairs (10 bones) of temporal bones were 
stadied. These were obtained randomly at autopsy. 
It should be noted that a comparison of measure- 
ments from the fetus to the adult is not possible in 
these experiments since the temporal bones were 


30 


20 196 


0.80 


NERVE LENGTH (mm) 


O 10 20 30 40 50 
FETAL LENGTH (mm) 
Bi ll. Labyrinthine segment length vs fetal body 
length. 


th. Labyrinthine segment of the facial nerve does not 
elongate with gestational age. 


Fig. 12 A,B). Ossification pattern 
of the labyrinthine segment of the 
facial nerve (VII). Clear arrows in- 
dicate the medial and lateral bony 
plates. A) Ossificatian of the otic cap- 
sule. The vertical crest is still car- 
tilaginous as is the stapes. The 
falciform crest is not formed. B) 
Ossification of the bony canal sur- 
rounding the labyrinthine segment 
starts from the luminal surface. 


processed different y. The fetal bones were fixed for 
prolonged periods of time, embedded and pro- 
cessed. The adult bones were freshly frozen and dis- 
sected. In addition the variation of tissue responses 
of shrinkage to fixation is variable and different for 
fetal and adult tissues. Nevertheless, labyrinthine 
segments and geniculate ganglia in adults have deen 
previously measured and reported.” 


Geniculate Ganglion. 


MEASUREMENTS. The length of the geniculate gang- 
lion varied from 1.2 mm to 2.25 mm with an aver- 
age length of 1.76 mm. The width of the ganglion 
ranged from 0.9 mm to 1.95 mm with an average 
width of 1.29 mm. Generally the sizes of the genicu- 
late ganglia were similar in most temporal bones ex- 
cept for two cases (Table 3). 


OSSIFICATION PATTERN. In all cases the geniculate 
ganglion area was completely ossified on the cural 
surface with a small hiatus of the facial canal persis- 
tent for the exit of the petrosal nerve. Nevertheless 
in two cases the bony plate was thin enough to vis- 
ualize the geniculate ganglion pinkish-yellow dis- 
coloration beneath. 


The distance from the cochleariform process to 
the anterior border of the geniculate ganglion 
ranged from 1.05 mm to 3.75 mm with an average 
distance of 2.1 mm (Table 3). 


Labyrinthine Segment. 


MEASUREMENTS. The length of the labyrinthine-seg- 
ment varied from 2.25 mm to 3 mm with an aver- 
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age of 2.82 mm. The width of the narrowest portion 
of the labyrinthine segment ranged 0.6 mm to 0.9 
mm with an average of 0.7 mm. The narrow width 
was on the average 2.55 mm from the geniculate 
ganglion, ie, near the internal auditory meatal fun- 
dus or proximal portion of the bony canal. The 
widest portion of the nerve ranged from 0.9 mm to 
1.5 mm with an average of 1.12 mm. The widest 
area was on the average of 0.9 mm from the genicu- 
late ganglion, ie, near the distal portion of the canal 
or near the ganglion. 


OSSIFICATION PATTERN. In all the adult cases the 
narrowest part of the bony canal was near the fun- 
dus of the internal auditory meatus and the widest 
part was near the geniculate ganglion. However in 
the fetal bones in half of the cases the narrowest 
part of the canal was near the geniculate ganglion 
(Fig. 13). 


The adult bony canal at the meatus (just beyond 
the vertical crest) ranged in width from 0.6 mm to 
0.9 mm with an average of 0.75 mm. The widest 
area ranged from 1.5 mm to 2.9 mm with an aver- 
age of 1.9 mm. Thus the nerve canal ratio of 1:1.9 
which is noted in the fetus is also maintained in the 
adult temporal bone. 


In all our cases the labyrinthine segment was en- 
tirely covered with bone. There were not areas of 
dehiscences. 


DISCUSSION 
GENERAL COMMENTS 


The anatomic studies of Rabl?' and Gegenbaur” 
on the embryonic development of the seventh ne 
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lead to its association with the second branchial or 
hyoid arch.**** The close proximity of the develop- 
ing geniculate ganglion to the second arch placode 
has suggested an intimate relationship between 
these two structures. It has been demonstrated that 
the developing ganglion enlarges as the etic placode 
disappears. The facial nerve develops from its facio- 
acoustic primordium of the second branchial arch 
preceding the 4 mm stage.” By the 8 - 10.6 mm 
stage the facial nerve separates from the acoustic di- 
vision. 

Since the nervus intermedius arises from the ge- 
niculate ganglion it is possible to study the forma- 
tion of the ganglion cells by analyzing the facial 
nerve roots. His did not see fibers from the genicu- 
late ganglion until the third month in utero.” 
Streeter, however, found the nervus intermedius 
and geniculate ganglion primordia in a 3 mm em- 
bryo.” Gasser noted a well-developed ganglion in 
the 11 mm embryo and a discrete, although small- 
er, nervus intermedius at a slightly later time.*° 


Both Rabl and Futamura** noted that the 
greater petrosal nerve is the second branch to de- 
velop. It is preceded by the chorda tympani nerve at 
the 4.8 mm embryonic stage. Streeter noted that at 
this stage the nervus intermedius, which carries the 
sensory fibers of the chorda tympani, is well devel- 


Fig. 13 A,B). Comparison of the nar- 
rowest portions (dark arrow) of the 
labyrinthine nerve segments at A) 20 
weeks and B) 35 weeks in utero. Note 
that early in gestation the narrowest part 
is near the geniculate ganglion and at 
later stages near the internal auditory 
canal and vertical crest. Clear arrows in- 
dicate bony plates. 


oped at the 4.5 mm embryo state.” Early the nerve 
gives off the posterior auricular and a branch to the 
pesterior belly of the digastric muscle. Then it ends 
peripherally as a meshwork of intermingling fibers. 
At 14-20 weeks in utero the chorda tympani joins 
the lingual nerve. The muscular branches follow 
the formation of the facial muscle masses and usual- 
ly lie deep to them.” The lesser petrosal nerve is 
neted at the 16.5 mm stage and at 22 mm the tym- 
penic plexus is delineated. At 26 mm the peripheral 
fæial nerve divisions are present. At 80 mm all the 
common facial nerve communications exist except 
with the trigeminal nerve. This develops later at the 
l€ mm stage. The last communications are those 
wath the second and third cervical ganglia which es- 
teblish the greater auricular, transverse cervical 
and lesser occipital nerves.*° 


Our studies begin at this late stage of fetal 
d+velopment (approximately 15 weeks in utero and 
is7 mm fetal length stage). Our concern is with the 
aaatomic parameters, ossification patterns and crit- 
‘cal associated anatomic landmarks of the genicu- 
‘ete ganglion and labyrinthine segment which may 
be of importance to the otologic surgeon. 


Von Spee*' noted that a bony covering was miss- 
ing over the geniculate ganglion in the first year of 
lfe. He named this defect which may persist occa- 


TABLE 1. LOCATION OF NARROWEST PART OF LABYRINTHINE SEGMENT IN FETAL TEMPORAL BONE (mm) 





Distance to Ganglion 0.08 ~ 0.10 0.11 ~0.15 
0.01 ~0.50 2 2 
0.51~ 1.00 l 3 
1.01~ 1.50 1 
1.51 ~ 2.00 


Total No. 3 6 





0 I5 ~ 0.20 0.21 ~ 0.25 0.26 ~ 0.29 Total No. 
7 6 3 20 
4 3 3 14 
2 l 4 
2 2 
13 12 6 40 
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Distance to Gang*ion 0.16 ~ 0.20 
0.01 ~ 0.50 2 
0.51 ~ 1.00 ] 
1.01~ 1.50 

1.51 ~ 2.00 

2.01 ~2.50 

Total No. 3 14 


0.21 ~ 0.30 


— W yt OD 


sionally in adults as the spurious hiatus of the facial 
canal. Batson” staced that the geniculate ganglion 
is uncovered by bene throughout early childhood. 
Dandy* noted protrusion of the geniculate ganglion 
via congenital defects of the roof of the temporal 
bone. House and Crabtree** noted a dehiseent 
geniculate gangliom in 5% of their middle cranial 
fossa surgical cases. Hall et al in a study of 100 adult 
temporal bones at autopsy noted a 15% incidence 
of dehiscence with a 50% bilateral proclivity (this 
was a symmetrical finding).°° 


Bartholdy*® initially described in detail the blood 
supply to the facia nerve. Since that time various 
authors have defined the gross anatomic and fine 
detail observations >f the vascularity and anastomo- 
sis of the facial nerve.***! Our interest is with the 
pattern of incorporation of the intrinsic facial nerve 
blood supply into the fallopian canal and geniculate 
ganglion. 


PRESENT OBSERVATIONS 


The present study deals with the facial nerve at a 
stage when all maor communications are estab- 
lished both centrall» and peripherally. Morpholog- 
ically the nerve is ecuivalent to the postpartum con- 
figuration. This is evident from the microscopic 
measurements of the labyrinthine segment and ge- 
niculate ganglion, which show no statistically sig- 
nificant changes. In other words there is no enlarge- 
ment of the geniculate ganglion or lengthening of 
the labyrinthine facial nerve segment after 20 weeks 
in utero. However the ossification pattern sur- 
rounding the facial nerve and the incorporation of 
its vascular supply d alter in the latter stages of de- 
velopment. 


The vascularity surrounding the labyrinthine seg- 
ment of the facial nerve is primarily derived from 
the internal auditory artery. These vessels reach to 
the level of the geniculate ganglion. There they an- 
astomose with the geniculate circulation. The facial 
branches of the internal auditory artery enter the 


TABLE 2. LOCATICN OF THE WIDEST PART OF THE LABYRINTHINE SEGMEN 
0.31 ~ 0.40 


T IN FETAL TEMPORAL BONE (mm 
0.41 ~ 0.50 0.51 ~ 0.78 Total No. 
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bony canal of the labyrinthine segment via the 
fundus of the internal auditory meatus. They persist 
in this canal during the ossification (Figs. 10A, B 
and 12A). 


The petrosal branches of the middle meningeal 
artery travel superficial to the dura on top of the 
middle fossa plate. They enter the geniculate 
ganglion area from the cephelad direction. There 
these vessels form a plexus and intercommunicate 
with the facial branches of the internal auditory 
artery. As this primitive facial hiatus is closed by 
progressive ossification the vessels are incorporated 
into the geniculate ganglion area from above. In 
addition epitympanic and middle ear branches are 
established prior to completion of the ossification of 
the epitympanum (Fig. 10B). 


Early in gestation the middle meningeal artery 
lies just anterior and lateral to the geniculate 
ganglion. With progressive ossification these two 
structures are separated by bone. Nevertheless the 
middle meningeal artery leaves a trail behinc it via 
the petrosal and superior tympanic vessels. The in- 
ternal auditory artery branches lie in the plane of 
the bony canals for the labyrinthine segment of the 
seventh nerve. However, the petrosal vessels lie in a 
horizontal plane almost at 90° to the former. These 
anastomose near the posterior border of the genicu- 
late ganglion. In addition, the petrosal vessels send 
vascular branches variable distances beyond the fa- 
cial genu (Fig. 10). 


The ossification of the canal of the labyrinthine 
facial nerve segment occurs in conjunction with the 
ossification of the otic capsule and petrous apex. It 
precedes the ossification of the stapes footplate and 
round window niche.”’ The ossification begins in 
the luminal surface of the canal on both the dorsal 
and ventral surfaces at 20 weeks in utero. The last 
structure to be ossified is the vertical crest (Fig. 12). 


After completion of the ossification, while vascu- 
lar channels are still present in the otic capsule, a 


TABLE 3. MEASUREMENTS IN ADULT TEMPORAL BONES (mm) 


Ganglion Labyrinthine Facial Nerve Bony Canal 

Dimensions L W CP-G L N D-G (N D-G (WN Diemeter 
Maximum 2.25 1.95 3.75 3.00 0.90 3.00 1.50 1.56 1.50-2.9 
Minimum 1.20 0.90 1.05 2.25 0.60 1.50 0.90 0.30 0.60-0.9 
Average 1.76 1.29 2.10 2.82 0.69 2.55 1.10 0.89 0.75-1.9 


L - Length; W - Width; €P-G - Distance from cochleariform process to anterior geniculate ganglion; N - Narrowest width; D-G - Distance from internal 
auditory canal to geniculate canglion; WN - Widest width. 
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periosteal ledge of bone begins to grow from the 
superior lip of the roof of the internal auditory 
canal. This medial bony plate covers the distal 
labyrinthine nerve segment and the posterior aspect 
of the geniculate ganglion (Figs. 6-8). At the same 
time ossification of the membranous bone from the 
squama proceeds from the lateral aspect of the mid- 
dle fossa. This forms a lateral bony plate which 
covers the epitympanic roof separating the middle 
meningeal artery and its branches from the genicu- 
late ganglion. As these two bony plates begin to ap- 
proach each other, superficial to the dura, they ef- 
fectively close the primitive hiatus under the 
geniculate ganglion and separate the epitympanum 
from the middle cranial fossa (Fig. 7). However this 
closure is not complete on the superior surface of the 
geniculate ganglion at birth; in only 3 of 40 tem- 
poral bones was the geniculate ganglion covered by 
bone. The epitympanum is closed, however, and 
separated from the middle cranial fossa. This pro- 
cess stops at 35 weeks in utero. Further growth and 
ossification proceeds postpartum with further skull 
development and growth (Fig. 8). 


It is interesting to note that at 20 weeks in utero 
the size of the labyrinthine segment and geniculate 
ganglion is similar to the adult stage. Im fact the 
width of the nerve to canal ratio in the labyrinthine 
segment, 1:1.9, remains constant from 35 weeks in 
utero through adult age. In addition the relation- 
ship of the anterior border of the geniculate gang- 
lion to the processus cochleariformis remains con- 
stant from late gestation to adult life, iz, approx- 
imately 2 mm. However, the ossification alters the 
shape of the bony canal. In the fetus the narrowest 
portion of the bony canal is near the geniculate 
ganglion in 50% of the cases while in the adult it is 
universally at the fundus of the interna! auditory 
canal in the region of the vertical crest (Fig. 13). 
Since the latter region ossified last it shows the 
greatest variability in luminal diameters. Thus it 
appears that in the adult, if constriction of the fa- 
cial nerve is postulated as a cause for facial nerve 
paralysis, the most likely area is at the junction of 
the fundus of the internal auditory canal and the 
bony canal for the labyrinthine segment (ie, in the 
region of the vertical crest). 


SUMMARY 


This paper presents the microscopic amatomy and 
relations of the geniculate ganglion and the laby- 
rinthine segment of the facial nerve in the human 
fetus. Regarding the later stages of development, 
the following observations were made: 


l. The vascularity of the geniculate ganglion 
and labyrinthine segment of the facial nerve are 
well-established at 20 weeks in utero end precede 
the ossification of this region (Figs. 5 and 6). 


~~e 2. The labyrinthine segment is primarily sup- 


plied by the facial branches of the internal auditory 
artery (Fig. 10A). 


3. The geniculate ganglion is supplied by the 
petrosal branches of the middle meningeal artery 
(Fiz. 10B). 


4. The later two blood supplies anastomose at 
the medial border of the geniculate ganglion (Fig. 
10). 


5. The facial branches of the internal auditory 
artery follow the facial nerve via the fundus of the 
internal auditory canal (Fig. 10A). 


6. The petrosal vessels enter via the primitive 
fecial hiatus. In addition these send branches to the 
superior epitympanum and middle ear. These ves- 
sels travel in a horizontal plane at 90° to the facial 
vessels from the internal auditory artery (F igs. 6C, 
108 and 12A). 


7. The canal for the labyrinthine segment is os- 
sifæd in cartilage via the petrous apex and otic cap- 
sule. The luminal surface is ossified first and the 
vertical crest last (Fig. 12). 


8. The geniculate ganglion area is ossified in- 
completely by two plates of bone, ie, the medial 
plate is a periosteal derivative of the petrous bone 
ard the lateral plate is a membranous bone derivate 
f-»m the squamous portion of the temporal hone 


(Figs. 7 and 8). 


9. The ossification pattern, which starts at 20 
weeks in utero, is completed by 35 weeks in utero. 
Further ossification of the geniculate ganglion area 
region occurs postpartum. 


10. These anatomic relationships, during the lat- 
er stages of development, do not vary with the adult 
configuration: a) the nerve-canal ratio remains 
14.9; b) the geniculate ganglion distance to the 
ruddle ear and cochleariform process remains 2 
rm (Fig. 6); c) the dimensions of the labyrinthine 
rerve segment and geniculate ganglion remain the 
same (Figs. 1, 2, and 11). 


11. The only variations noted at these stages of 
development deal with the pattern of ossification: 
2) the hiatus of the facial canal becomes smaller 
with increasing gestational age (Fig. 9); b) there is 
p2ogressive narrowing of the fundus of the internal 
n~eatus at the inlet to the facial canal (Tables 1 and 
25 c) the epitympanum is separated from the mid- 
dæ fossa by membranous bone formation (F ig. 7); 
d the ossification pattern may not be symmetrical 
ir both temporal bones of the same fetus. 


12. In adult temporal bones the fetal parameters 
aad configuration persist. However, in our speci- 
mens the geniculate ganglion region was completély 
ossified. All petrosal nerves had areas of bone 
dehiscence. 


12 GE-SPECTOR 
REFERENCES 


1. Miehlke A. Surgery of the facial nerve. Philadelphia: WB 
Saunders Co, 1973. 


2. Fisch U. Facial paralysis in fractures of the petrous bone. 
Laryngoscope 1974; 89:2141-54. 


3. Fisch U. Transtemporal surgery of the internal auditory 
canal. Adv Otorhinolaryngol 1970; 17:203. 


4. House WF. Surgical exposure of the internal auditory ca- 
nal and its contents through the cranial middle fossa. Laryngo- 
scope 1961; 71:1363-85. 


5. House WF. Middle cranial fossa approach to petrous pyra- 
mid. Arch Otolaryngol 1963; 78:460-9. 


6. House WF. Surgery of the petrous portion of the VIIth 
nerve. Ann Otol Rhinol Laryngol 1963; 72:802-7. 


7. Cawthorne T. The geniculate ganglion and facial palsy. 
Arch Otolaryngol 1965; 81:502-3. 


8. Cawthorne T, Wilscn T. Indications for intratemporal fa- 
cial nerve surgery. Arch Otolaryngol 1963; 78:429-34. 


9. Cawthorne T. Intratemporal facial palsy. Arch Otolaryn- 
gol 1969; 90:789-99. 


10. Fisch U, Esslen E. Total intratemporal exposure of the fa- 
cial nerve. Arch Otolaryngol 1972; 98:335-41. 


11. Denny-Brown DE, Adams RD, Fitzgerald PJ. Pathologie 
features of herpes zoster. Arch Neurol 1944: 51:216-31. 


12. Devriese PP. Facial palsy in cephalic herpes zoster. Ann 
Otol Rhinol Laryngol 1958; 77:1101-19. 


13. Doering G. Uber ein Ganglion geniculi-Syndrom als para- 
sympathische Funkionsstorung. Acta neurochir (Wien) 1950: 
1:502. 


14, Glaninger J. Uber den Herpes zoster oticus und ein Beitrag 
zur Likalisationsbestimmung des Krankheitsherdes im Gehoror- 
gan mittels Audiometrie. Monatschr Ohrenhkld 1955; 89:81-8. 


15. Hunt JR. On herpezic inflammations of the geniculate 
ganglion; a new syndrome and its complications. J Nervment Dis 
1907; 34:73-90. 


16. Hunt JR. A further contribution to the herpetic inflamma- 
tions of the geniculate ganglion. Am J Med Sci 1908; 136:226-41. 


17, Findely JP. Facia! paralysis: a clinical review with an 
autopsy report of histopathology in a case of infection of the 
geniculate ganglion by the virus of cephalic herpes zoster. Med J 
Aust 1952; 2:810-5. 


18. Wallace DS. Persistent facial paralysis associated with 
chickenpox. Can Med Assoc J 1960; 82:198-9. 


19. Kettel K. Repair of intratemporal lesions of the facial nerve 
due to traumas. Ann Oto! Rhinol Laryngol 1963; 72:756-73. 


20. Jongkees LBW. The treatment of traumatic intratemporal 
palsy. Pract ORL (Basel) 1962; 24:203. 


21. McHugh HE. Facial paralysis in birth injury and skull 
fractures. Arch Otclaryngol 1963; 78:443-55. 


22. Sheridan MR, Banham TM. Progressive facial nerve palsy 
due to temporal epidermoid. J Laryngol Otol 1948; 62:170-2. 


23. Jefferson G, Smalley AA. Facial palsy produced by intra- 
temporal epidermoids. J Laryngol Otol 1938; 53:417-43. 


24, Miehlke A. Normal and anomalous anatomy of the facial 
nerve and an embryonal study of the thalidomide catastrophe in 
Germany. Trans Am Acad Ophthalmol Otolaryngol 1964; 68: 
1030-44. 


25. Tremble EG, Penfield W. Operative exposure of the facial 
canal with removal of a tumor of the greater superficial petrosal 
nerve. Arch Otolaryngol 1936; 23:573-9. 


26. Spector GJ, Druck N, Gado M. Neurologic manifestations 
of glomus tumors in the head and neck. Arch Neurol 1976: 
33:270-4. 


27. House WF. Monograph II. Acoustic neuroma. Arch Oto- 
laryngol 1968; 88:575-715. 


28. Spector GJ, Pettit JW, Davis G, Strauss M , Ranchbach E. 
Fetal respiratory distress causing inner ear and CNS hemorrhage. 
Laryngoscope 1976; 88:764-86. 


29. Spector GJ, Lee D, Carr C, et al. Later stages of develop- 
ment of the periotic duct and its adjacent area in the human fetus. 
Laryngoscope 1980; Suppl 20:1-31. 


30. Hall GM, Pulec Jl, Rhoton AL Jr. Geniculate ganglion 
anatomy for the otologist. Arch Otolaryngol 1969; 90:567-71. 


31. Rabl K. Uber das Gebiet des Nervus facialis. Anat Anz 
1887; 2:219-27. 


32. Gegenbaur C. Lehrbuch der Anatomie des Menschen. Aufl 
4 Band 2. Leipzig: Engelmann, 1890:448-9. 


33. Bast BJ, Anson BJ, Richany SF. The development of the se- 
cond branchial arch (Reichert’s cartilage), facial canal and 
associated structures in man. Northwestern Univ Med Sch Q Bull 
1956; 30:235-49. 


34. Harper DG, Anson BJ. Development relationships of Rei- 
chert’s cartilage to the wall of the facial canal. Northwestern Univ 
Med Sch Q Bull 1962; 36:144-50. 


35. Gasser RF. The development of the facial nerve in man. 
Ann Otol Rhinol Laryngol 1961; 76:37-56. 


36. His W. Zur Entwicklungsgeshichte des Acoustico- 
Facialgebietes beim Menschen. Z Anat Entwickluagsgesch 
1889: 1-28. 


37. Streeter GL. On the development of the membranous 
labyrinth and the acoustic and facial nerves in the human em- 
bryo. Am J Anat 1907; 6:139-65. 


38. Futamura R. Uber die Entwicklung der Facialsmuskulatur 
des Menschen. Anat Heft 1906; 30:433-516. 


39. Popowsky I. Zur Entwicklungsgeschichte des N Facialis 
beim. Menschen Morphol Jahrb 1895; 23:329-74. 


40. Pearson AA. The roots of the facial nerve in human enbryo 
and fetuses. J Comp Neurol 1947; 87:139-59. 


41. Von Spee FG. Skeletlehre: Kopf. In: von Bardeleben K, 
ed. Handbuch der Anatomie des Menschen. Vol 1. Jena, Ger- 
many: G Fisher Verlag 1896:93-372. 


42. Batson OU. Applied anatomy of the temporal bene. In: 
Schenck HP. Otolaryngology. Vol 1. Hagerstown: WF Prior, 
1966:11. 


43. Dandy WE. An operation for the cure of tic douloureux: 
Partial section of the sensory root at the pons. Arch Surz 1929: 
16:687-734. 


44. House WF, Crabtree JA. Surgical exposure of the vetrous 
portion of the VII nerve. Arch Otolaryngol 1965; 81:506-7. 


45. Bartholdy K. Die Arterien der Nerven. Morphol Arbeiten 
1897; 7:393-458. 


46. Nager GT. Origins and relations of internal auditəry ar- 
tery and subarcuate artery. Ann Otol Rhinol Laryngol 1954: 
63:51-61. 


47. Blunt MJ. The blood supply of the facial nerve. | Anat 
1954; 88:520-6. 


48. Blunt MJ. The possible role of vascular changes in the 
etiology of Bell’s palsy. J Laryngol Otol 1956; 70:701-13. 


49. Bosatra A. Some observations on the vascularization of the 
VII nerve. J Laryngol Otol 1956; 70:605-13. 


50. Clarke JA. An x-ray microscopic study of the arterial supply 
to the facial nerve. J Laryngol Otol 1965; 79:987-94. 


51. Anson BJ, Donaldson JA, Warpeha LR, Rensink MJ. The 
facial nerve, sheath and blood supply in relation to the surgery of 
decompression. Ann Otol Rhinol Laryngol 1970; 79:710-27. 


f 


THE ANNALS PUBLISHING COMPANY 
4949 FOREST PARK BLVD. 
ST. LOUIS, MISSOURI 63108 


COPYRIGHT 1981, ANNALS PUBLISHING COMPANY 


ee 





BENADRYL” (diphenhydramine hydrochloride) 


Before prescribing, please see full prescribing information. 
A Brief Summary follows: 


INDICATIONS. Benadry! in the oral form is effective for the fol- 
owing indications 

Antihistaminic: For perennial and seasonal (hay tever) aller- 
gic rhinitis, vasomotor rhinitis, allergic conjunctivitis due to in- 
halant allergens and foods; mild, uncomplicated allergic skin 
manifestations Of urticaria and angioedema, ameloration of al- 
lergic reactions to blood or plasma, dermatographism, as ther- 
apy for anaphylactic reactions adjunctive to epinephrine and 
other standard measures after the acute manifestations have 
been controiled 

Motion sickness: For active and prophylactic treatment of 
moton sickness 

Antiparkinsonism: For parkinsonism (including drug 
induced extrapyramidal reactions) in the elderly unable to toler- 
ate more potent agents. mild cases of parkinsonism (including 
drug-induced) in other age groups, in other cases ot parkinson- 
ism (including drug-induced) in combination with centrally 
acting anticholinergic agents 
CONTRAINDICATIONS. Use in Newborn or Premature In- 
fants: This drug should not be used in newborn or premature 
infants 

Use in Nursing Mothers: Because of the higher risk of anti- 
histamines for infants generally, and for newborns and prema- 
tures In particular, antihistamine therapy is contraindicated in 
nursing motners 

Use in Lower Respiratory Disease: Antihistamines should 
NOT be used to treat lower respiratory tract symptoms, includ- 
Ing asthma 

Antihistamines are also contraindicated in the following con- 
ditions hypersensitivity to diphenhydramine hydrochloride and 
other antihistamines of similar chemical structure 

Monoamine oxidase inhibitor tnerapy (See Drug Interactions 
section) 

WARNINGS. Antihistamines should be used with considerable 
Caution in patients with narrow-angle glaucoma. stenosing pep- 
tuc ulcer pyloroduodena! obstruction. symptomatic prostatic 
hypertrophy. or bladder-neck obstruction 

Use in Children: In infants and children. especially, antihista- 
mines in overdosage may Cause hallucinations. convulsions, or 
death 

As in adults, antihistamines may diminish mental alertness in 
children In the young child. particularly, they may produce ex- 
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Use in Pregnancy: Experience with this drug in pregnant 
women is inadequate to determine whether there exists a po- 
tential for harm to the developing fetus 

Use with CNS Depressants: Diphenhydramine hydrochio- 
ride has additive effects with alcohol and other CNS depres- 
sants (hypnotics, sedatives, tranquilizers, etc) 

Use in Activities Requiring Mental Alertness: Patients 
should be warned about engaging in activities requiring mental! 
alertness. such as driving a Car or operating appliances. ma 
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histamines are more likely to Cause dizziness. sedation, and hy- 
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tension 
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the anticholinergic (drying) effects of antihistamines 
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nose. and throat 
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paresthesia. blurred vision. diplopia. vertigo, tinnitus, acute 
abyninthitis. hystena neuritis convulsions 
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7 Respiratory System Thickening of bronchial secretions 
ightness cf chest and wheezing, nasal stuffiness 
OVERDOSAGE. Antihistamine overdosage reactions may vary 
Irom central nervous system depression to stimulation Stimula- 
ton is particularly likely in children Atropine-like signs and 
symptoms dry mouth. fixed. dilated pupils. flushing. and gas- 
trointestinal symptoms may also occur 

If vormting has not occurred spontaneously the patient 
should be induced to vomit This is best done by having him 
agnnk a glass of water or milk after which he should be made to 

jag Precautions against aspiration must be taken. especially 
in infants and children 

If vomiting is unsuccesstfu! gastric lavage is indicated within 
3 hours after ingestion and even later if large amounts of milk or 
cream were given beforehand Isotonic or 1/2 isotonic saline is 
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Saline cathartics. as milk of magnesia by osmosis draw wa- 
ter into the bowel and. therefore. are valuable for their action in 
rapid dilution of bowe! content 

Stimulants should not be used 

Vasopressors may be used to treat hypotension 
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INTRODUCTION 


This seminar held on May 9-10, 1980, at New Orleans, Louisiana. came about as a result of the need for 
research scientists and clinicians to exchange information with regard to modern rotational and ocular track- 
ing techniques. The addition of a programmed. computerized capability to balance tests has revolucionized 
the performance of and the data reduction of information from these tests. 


It was my desire as program coordinator to determine whether. in fact, these new balance techn que ap- 
plications had been developed to the point where new. useful clinical information was available for 
evaluating the patient with dysequilibrium. 


Wallace Rukin. MD 
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THE OPTOKINETIC TEST AND THE ENG TEST BATTERY 


CECIL W. HART, MD 


CHICAGO, ILLINOIS 


The importance of including optokinetic nystagmus as part of a more comprehensive visual test battery in ENG testing is discussed. 
Useful clinical inforr ation may be obtained which not only may confirm the presence of peripheral disease, but also may reveal evidence 
of disturbed central vestibular function. The technique and some of the diagnostic possibilities are described. 


INTRODUCTION 


The optokinetic test is well established as a 
neurologic and _neuro-ophthalmic investizative 
tool, but its importance in the conventional ENG 
test battery performed by the otologist or 
neurotologist is still being debated. Obviously. in its 
own right, it can reveal very significant evidence of 
brain disease. As the neurotologist’s horizons of in- 
terest penetrate deeper into the realm of brain func- 
tion, so will his interest in optokinetic testing in- 
crease. 


From a more practical point of view, however, 
the optokinetic test, as part of the visual test bat. 
tery, serves as a very useful baseline assessment of 
part of the cristo-ocular reflex arc. In particular, 
both reflex arcs share in common the final oculo. 
motor pathways trom the oculomotor nuclei to the 
eye muscles, and also the fixation reflex arc, which 
is usually evaluaced for the fixation effect upon 
spontaneous or induced vestibular nystagmus. If 
one has not tested the integrity of the visual-oculo- 
motor system, how can one be sure whether the ab- 
normal eye movements that are recorded, either 
spontaneously or incuced by vestibular stimulation, 
are indeed due ertirely to a labyrinthine dysfunc- 
tion? If the visual test battery is normal, then the 
conclusions regarcing labyrinthine function drawn 
from the vestibular test battery are on much firmer 
ground. 


OPTOKIN ETIC METHODOLOGY 


The choice of the stimulus to employ is critical, 
and in order to keep the test short and simple, it is 
. necessary to make a number of compromises. Many 
variables need to ke controlled. 


The physical size of the visual stimulus is impor- 
tant. A choice must be made between a full-visual 
field stimulus, which tests the entire retina, and a 
pinpoint light source, which mainly stimulates the 
fovea. These are twe very different stimuli, which 
in turn may reveal different clinical informaticn. 


The induced eye-speed is important. If the stimu- 
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Fig. 1. Optokinetic drum. 


lus speed is constant, and if it is too fast, the “fail 
rate” will be too high, and vice versa. An accelera- 
ting optokinetic drum is a useful compromise. 


The number of stripes should be chosen such that 
at the desired drum speed a clearly defined saw- 
tooth ENG signal is generated. The width of the 
stripes also has some relevance, in that with a wide 
stripe the subject may tend to look back and forth 
from, for example, the leading black/white margin 
to the following white/black margin, and if these 
saccades are large enough they will appear on the 
ENG recording. 


Most testing is done in the horizontal visual field, 
although vertical testing is at times very important. 
Oblique or rotatory testing has not been extensively 
studied. 

The instruction to the patient is another variable 
to be controlled. The reflex arc is modified depend- 
ing upon whether the patient is instructed to follow 
visually each stripe as it passes in front of the field of 
vision, or whether the patient should gaze straight 
ahead and ignore the stripe (‘follow” or “stare” 
modes). 


Finally, on a more immediate level, patient drug 


gery, Northwestern University Medical School, Chicago. 
hwestern University Medical School. 320 E. Superior Street, Chicago IL 60611. 
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Fig. 2. (Patient 1, male, March 15, 1980) Routime visual 
test battery. 1) Calibration — 20° saccades. 2) Dysmetria 
— 10° saccades in both directions, both centrifugal and 
centripetal. 3) Pendulum — Sinusoidal stimulus. Optoki- 
netic test — 1) Nystagmus to the right; 2) nystagmus to the 
left. Slow pursuit — 3) Saccades to the right, slow pursuit 
to the left; 4) saccades to the left, slow pursuit to the right. 


intake should be controlled as much as possible. 
Many drugs may degrade the optokinetic response. 


Current Practice. The optokinetic drum used at 
the Northwestern University Vestibular Research 
Laboratory for the past 12 to 15 years is shown in 
Figure 1. The diameter of the drum is 75 cm, the 
distance from the surface of the drum to the nasion 
is the same, and the stripe width is 0.63 em, which 
is sufficient just to overfill the fovea. The drum 
speed is set such that the expected induced pursuit 
eye speed is 10°/s, and the patient is instructed ac- 
tively to follow the stripes as they pass across the 
field of vision. The routine visual test battery per- 
formed at this time is shown in Figure 2. The left 
tracings show 1) 20° calibrations, 2) a saccade dys- 
metria test, and 3) a pendulum tracking test, simply 
performed with a yellow golf ball suspended by 
string from the ceiling. 


The right side tracings are performed with a 1 m 
diameter optokinetic drum, with the patient seated 
1 m distance from the surface. The two upper trac- 
ings are induced by a white optokinetic drum with 
14 black stripes of 1.25 cm width, with an expected 
induced eye speed of 10°/s. The lower two tracings 
are obtained with a similar drum but with only six 
stripes, and with an expected induced eye speed of 
a is. 


Signal Analysis. The most simple eva.uation is to 
watch the patient’s eyes during the test, and deter- 
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mime whether “the response is normal or nearly sO 
in one direction, and either nil or definitely im- 
paired in the other direction.”’ A judgment can also 
be made whether it is symmetrically impaired or 
not, and whether both eyes are responding in the 
sare Manner. 


=NG recording of optokinetic nystagmus (OKN) 
allows a much more precise signal analysis, but it 
opens the door to overinterpretation of the findings. 
The most simple analysis is a visual evaluation of 
the recordings. Mathematic analysis, eg, the manu- 
al measurement of the slow phase velocity, nystag- 
mus frequency or amplitude, may allow a more ac- 
cu-ate evaluation. Computer analysis of the signal 
mzy make the findings more objective. Mathemati- 
ca reduction also allows more accurate compara- 
tive measures, eg, of the signal with the stimulus, or 
of one signal with another. Direct current (DC) 
OEN recording may demonstrate induced deviation 
of the direction of gaze. Recording with the eyes 
clesed may elicit optokinetic afternystagmus 
(CKAN). 


Using the routine methodology described above, 
the following are some of the useful clinical deduc- 
tians which can be made from such a test proce- 
dure. Obviously, optokinetic testing generally is 
capable of revealing much more, but this would 
ne-esitate additional changes in the equipment and 
procedures. 
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Fig. 3. (Patent Z female, March 28, 1980) Extremely 
precise visual vursut test sometimes found in anxious pa- 
tients. 
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Fig. 4. Scie optokinetic AFGR and dow pursuit tests, accompanied by a marked spontaneous nystagmus, sug- 


gestive of a central vestibular disturbance. 
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CLINICAL FINDINGS 


The evaluation of the OKN response should be 
based upon the best recording obtainable. Lack of 
effort or interest on the part of the patient causes 
the signal to degrade, which may in turn be misdi- 
agnosed as being indicative of disease. The signal 
also degrades with age, such that allowarce should 
be made for this factor. Some irregularity of the 
signal is permissible at any age, but more so with 
advancing years. The exact permissible mount of 
degradation at a given age requires coasiderable 
clinical experience and judgment. 


The opposite phenomenon is the anxicus and/or 
neurotic patient. The OKN signal has the appear- 
ance of emanating from a function generator, it is 
so precise (Fig. 3)! In addition, this petient fre- 
quently complains that the stimulus produces a sen- 
sation of dizziness, or even frank vertigo. and may 
state that the sensation is exactly like, and possibly 
even more intense than, his own complant. 


A bidirectional reduced OKN respons=, symme- 
tric or asymmetric, indicates central disease, usual- 
ly in the brainstem or the cerebellum. An asym- 
metric response, but normal in one direetion, may 
be of either peripheral or central origin. Com- 
parison of the OKN with the spontanecus nystag- 
mus (SN), eyes closed (EC), will often distinguish 
the two. In the presence of a vigorous SNEC, in the 
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Fig. 6. Pathological adaptation (fatigue) of optokinetic 
nystagmus. The stimulus should induce a response of 20°/s, 
A) The right beating response simply shows some dysrhy- 
thraia and reduced slow phase velocity. B) Adaptation is 
better seen in the lower trace response. 


same direction as the normal OKN response, tl 
etiolegy is probably peripheral. In the absence of 
SNEC, or with a SNEC in the direction of tl 
smal er OKN response, the etiology is probably cei 
tral. Similarly, a normal OKN response with an i 
tense SNEC also suggests a central cause (F ig. 4). 


Two other central signs which may be elicited ar 
dysrhythmia and “fatigue.” Dysrhythmia is hałd t 
detime in mathematical terms, and its detection j 
essentially a visual pattern recognition task. Th 
saccades are of varying amplitude, the intersaccad 
interval is irregular, and the slow phase of varyin 
speed (Fig. 5). Fatigue is the clinical term used t 


indicate pathological adaptation of the responsi 
(Fig. 6). 


Finally, comparison of the OKN saccade with th 
caloric nystagmus saccade may suggest brainsten 
disease. Normally, the caloric nystagmus saccade i 
slightly slower and of longer duration than th 
OK® saccade. Comparisons should be made be 
tween OKN and caloric nystagmus signals of the 
same slow phase velocity. With central disease, the 
caloric nystagmus saccade may be of abnormally 
slow velocity and long duration (F ig. 7). 


CONCLUSION 


Tae optokinetic test, as part of the visual test bat. 
tery. is an essential part of the ENG test battery. 
Not only does it assess the central portion of the 
cristo-ocular reflex, and thus avoid the pitfall of 
mistaking a central disturbance for a peripheral 
one. but also in its own right, it may be the source 
of much useful clinical information. Taken in isola- 
tiom, it may show various abnormalities indicative 
of central disease, and, in addition, comparison of 
the OKN with other portions of the ENG test bat- 
tery may give other evidence of central and/or pe- 
ripheral disease. 
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Fig. 7. (Patient 3, male, August 4, 
1969) Slowed caloric nystagmus sac- 
cade in patient with brainstem lesion. 
The caloric and optokinetc nystag- 
mus slow phase velocities are approxi- 
mately equal (channel 4), but the ca- 
loric saccade speeds (channel 3 peak 
height) are slower and the durations 
longer (peak width) than the optokin- 
etic saccades. 


DEVELOPING A COMPUT=R LABORATORY 
FOR NEUROTOLOGIC DIAGNOSIS 


Horst R. KONRAD, MD 


DON TEMPLIN 


SPRINGFIELD, ILLIN®IS 


The authors, with the help of a community hospi al engineering staff, coastructed a modern neurotological testing facility capable of 
performing on-line computer measurements of vestibalo-oculomotor, visual -estibulo-oculomotor, smooth pursuit, saccade, and optoki- 


netic reflexes. The laboratory was built from comporent parts and 
UCLA Human Vestibular Laboratory were modified to work wit 


uses a Dwital Corporation laboratory computer. Programs from the 
h the new laboratory. Construction and program modification cost 


$60,000 and was completed in seven months. The laboratory was working æ full capacity six months after construction testing patients 
with suspected neurotologic and neurologic disorders. The procedures of ccastruction as well as the financial and safety problems are 


discussed. 


Recent developments in small computers, com- 
bined with advances in the understanding 2f the eye 
tracking and vestibulo-oculomotor reflezes, have 
made the development of a computer nevrotologic 
laboratory possible even for a smaller regional 
medical center. This paper is a description of our 
development of such a laboratory at a regional 
hospital in Springfield, Illinois, a community of 
100,000 population. 


In the past, the costs of computers, the Gifficulties 
of finding competent programmers, mecl anical or 
engineering personnel, and basic and clin eal scien- 
tists with a background in vestibular sys*em phys- 
iology and disorders forced development of such 
systems into large university complexes. Although 
our understanding of many of the basic processes is 
just in its infancy, there are already significant 
clinical applications from earlier investigations 
which give the clinician who uses such a Eboratory 
a significant advantage in diagnosis. Ir order to 
provide this advantage to the patients of our com- 
munity, we made the decision to build sach a lab- 
oratory. 


Plans for construction were made in December 
1978. Construction began in April 197€ and was 
completed in November 1979 at a cost o- $60,000. 
The laboratory is capable of measuring =ye move- 
ment and vestibular reflexes including pursuit, sac- 
cade, optokinetic, vestibulo-oculomoto’ reflexes, 
and visual vestibular interactions. It is æn integral 
unit of the sensory and neurological testmg facility 
which includes audiology, auditory, visul, somato- 
sensory evoked response testing, periphe-al neural, 
electroencephalography, and electromyography 
laboratories. 


FINANCIAL CONSIDERATIONS 


In August 1978, we approached one of the hos- 
pitals in the community and asked them > consider 


financial commitment to develop the laboratory. In 
December, the commitment was made, space allo- 
cated, and planning begun. Budget was estimated 
at 350,000 with six months’ time estimated for 


buiding. 
COMPUTER, RECORDING, AND STIMULATING DEVICES 


The choice of computer must go hand in hand 
wita the choice of software and plans for future 
development. Completed devices, including soft- 
wa e, are available now (Contraves Goerz Corp., 
Pi-sburgh, Pa.), but we decided to build our own 
system for several reasons: 


L. Initial cost is less. 


©. By having the hospital personnel participate 
in the construction, they would be in a better posi- 
tioa to provide maintenance. 


“Flexibility of the system for future develop- 
ment is higher since we worked from component 
parts and our personnel knew the components of the 


sySem. 


-. By using software from universities actively 
engaged in research, we would be in a better posi- 
tion to work with their future developments and 
eventually develop our own research programs. The 
Dj vision of Head and Neck Surgery at UCLA kindly 
previded us with their programs. 


3ince we were most familiar with the system at 
UCLA,'* we decided to stay with Digital Equip- 
ment Company machines. 


An LS-11 microprocessor with floppy disks would 
hawe sufficed for our initial needs but would not 
have given us as much flexibility for future devel- 
opments as we wanted. For this reason, a minicom- 
puter with two disks (MINK-11) was purchased. 


In addition, a 4-channel paper recorder (Beck- 
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man polygraph R511A) and an FM tape recorder 
(Tanberg series 115 4-channel), a digital VT- 
105CRT, and a Diablo hard copy printer (Model 
No. 1620) were purchased. 


CONSTRUCTION 


Space was chosen to be low in ambient noise, vi- 
brations, and radiofrequency transmissions. A hos- 
pital safety engineer was consulted at the beginning 
of planning and periodically as equipment was in- 
stalled, and at completion. Although the testing 
does not produce significant illness, the testing of 
sick patients requires that medical personne! and 
resuscitation equipment is nearby. The layout was 
sketched and the parts ordered. Room modifica- 
tions were begun, dividing the room into testing 
and control areas. Four months later, the parts had 
all arrived and construction was started. 


Eye Tracking. The eye tracking stimulator was 
built from a laser projecting to a galvonometer 
mounted mirror to a back screen projector. The 
galvonometer is controlled from a function gener- 
ator or the computer. 


Optokinetic Dram. The drum is a 150 cm diam- 
eter, 175 cm high black cloth drum with 24 2.5 em 
wide vertical white stripes spaced 15° apart. It is 
driven by a DC Servo motor with velocity feedback 
(static torque 120 em kg) mounted in the ceiling. In 
operation, it completely surrounds the chair and 
patient, but can be retracted up or down. The drum 
can be controlled from a function generator or eom- 
puter or outside centrol panel, and produces cons- 
tant velocity or sinusoidal stimulation. 


Rotarg Chair. The chair is a contoured chair with 
a head restraining device mounted coaxially with 
the optokinetic dram driven by a DC Servo motor 
with velocity feedback (static torque 420 cm kg). 
The chair is driven from an outside function gener- 
ator either separately or with the optokinetic drum 
or from the computer. 


Caloric Testing. Caloric stimulating devices are 
standard 30°, 44° C thermostat controlled with 
timed irrigation. Signals are recorded with electro- 
nystagmography silver silver chloride electrodes 
and amplified by a 3-channel preamplifier attached 
‘to the patient with a gain of 200. The preamplified 
signal is them passed to the amplifier of the paper 
and FM recorder, and to the computer. 


CAPABILITIES 


In addition to spontaneous, gaze, positional, and 
caloric nystagmus, the system can record and mea- 
sure the following: 


Pursuit at 0.2 and 0.4 Hz. Gain (defined as eye 
velocity divided by target velocity) is measured for 
movements to the left and right separately. The en- 
tire response is graphically displayed. 


Saccade. Saccade accuracy for each eve, mean 
saccade velocity, saccade velocity vs amplitude, 
mean delay between target movement and eye 
movement. 


Optokinetic. Constant velocity or sinusoidal 
stimulation may be tested. For constant velocity, 
the mean and standard deviation, minimum and 
maximum velocities of the slow component of nys- 
tagmus can be obtained. For sinusoidal stim ulation, 
the mean (also a measure of asymmetry) minimum 
and maximum slow component velocity of nystag- 
mus (SCV) are obtained. Gain to clockwise vs coun- 
terclockwise stimulation is also given. 


Rotational — _  Vestibulo-Oculomotor Reflex 
(VOR). Constant acceleration, series of impulses of 
change in table velocity and sinusoidal stimulation 
can be delivered. The maximum SCV cam be ob- 
tained for constant acceleration and impulsive 
stimulation. For sinusoidal stimulation, gain to 
clockwise and counterclockwise stimulation are 
given. Analyses of phase relationship between 
stimulus and response are also calculated. 


Vestibular, Visual Interactions. The chair may 
be rotated within the stationary optokinetic drum 
with lights on to produce both vestibular and op- 
tokinetic stimulation. The chair can be rəøżated in 
the dark with a central placed light on rotatmg with 
the patient to give visual fixation. For both “orms of 
visual vestibular stimulation, gain and phas2 can be 
calculated. 


UTILIZATION 


Initially, most patients referred for testing came 
from otolaryngologists’ offices; however, there is a 
gradual change to more referrals now originating 
from neurologists’, internists’, and ophthalmolo- 
gists’ offices. The most common reason for referral 
is to help differentiate between central nervous 
system and peripheral vestibular abnormalities. 
Recently, patients have been referred to answer 
specific questions such as eye muscle involvement in 
Grave's disease, specific oculomotor weakness or 
paralysis, tensilon tests with documentation of sac- 
cade velocity to more objectively measure changes 
in myasthenia gravis. Six months after the labora- 
tory’s completion, it was utilized at full Capacity. 


DISCUSSION 


The effectiveness of such a laboratory ia diag- 
nosis is difficult to estimate. Its cost effectiveness is 
even more difficult to quantify. The laboratory has 
provided better measurement of eye movement re- 
flexes and thereby aids in the differential dagnosis 
of central vs peripheral disorders effecting the 
vestibular and oculomotor systems. It has also pro- 
vided for better evaluation of changes im these 
systems over time. An actual evaluation of cost ef- 
fectiveness has to not only consider the hardships 
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and costs of patient’s medical diagnosis and man- 
agement, disability and loss due to incorrect or late 
diagnosis, but also the cost of transportaton of the 
patient to another institution where suca services 
are available. At the completion of this laboratory, 
there were no clinical facilities for computer 
measurements of eye movements available in Illi- 
nois, Missouri or Indiana. To obtain such measure- 


1979, with assistance from the following: 


ments would have required sending the patient over 
græt distances. 

The development and maintenance of such a lab- 
oratory in a smaller medical center has demon- 
strated the feasibility of bringing sophisticated 
medical technology to regional centers where pa- 
tieats and physicians can have better access to the 
fruits of such technology. 
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SINUSOIDAL HARMONIC ACCELERATION 


ROBERT H. MATHOG, MD 
DETROIT, MICHIGAN 


The need for acct rate and reliable diagnostic tests for the evaluation of vestibular function has stimulated investigation of rotational 
methods and more reeently, an evaluation of harmonic angular acceleration. Initial studies, using these techniques in humans, demon- 
strated a linear input-eutput function from 0.24 to 0.04 eycles/s at 0.4 radians/s?, but a reduction in the increase of response with an in- 
crease of acceleration cr a decrease of frequency from thisrange. Nystagmic responses were symmetrical in these same normal individuals. 
In patients with vestibular disease, input-output functions, as well as symmetry, were altered, and appeared related to the degree of 
pathology. Evaluation of the test system in animals, remcered ototoxic with streptomycin, showed a depression in response similar to 
caloric tests. All data suggested that harmonic angular acceleration provided a reliable and sensitive method for evaluation of vestibular 
function, and a useful and important confirmation to the other methods that are available for these evaluations. 


During the past ten years there has been much in- ing nystagmus) was evaluated with regard to a 
terest in the development and investigation cf new changing frequency (or period) of stimulation. Such 
tests for the eveluation of vestibular function. data showed that variability of the response was 
Modern goals have been to find techniques that are low at the higher frequencies and became increased 
easy to perform, eccurate in identifying pathology at the lower frequencies. Moreover, there was a 
and reliable on a -est-retest basis. linear relationship between frequency and nystag- 


mic velocity throughout the entire test frequencies, 
except that at a period of 25 seconds (0.04 eycles/s) 
or longer the gain was substantially decreased. 


In 1965, Niven et al’ described a sinusoidal angu- 
lar acceleration system and stimulus-response char- 
acteristics for normal individuals. Several years 


later, Mathog? and Mathog and Cramer’ applied Upon evaluation of the changes in nystagmic re- 
the stimulus to irdividuals with vestibular disor- sponse that occurred with a stimulus of constant fre- 
ders. At that time. the test appeared to have much quency, but with varying angular acceleration, one 
potential, expecially since the angular acceleretion could observe shifts in the stimulus-response curves. 
could be quantified and the test performed rapidly In Figure 2, six normal subjects were evaluated for 
enough to minimize changes in the mental sta‘ us of different accelerations at 0.2, 0.4, and 06 radi- 
the patient. Moreover, the test stimulus appeared ans/s’. As the stimulus was increased to a greater ac- 


physiologic, resem ling a movement of the heed of- 
ten used by individuals to maintain visual contact 


. i i 200 
and spatial orientetion. - 
è = 80 
Initial studies?’ utilized a yaw axis device, eon- > 
sisting of an encapsulated chair and torque motor = 160 
(Inland Motors). E_ectronystagmographic responses 8 5 140 
were hand-scored according to the methods of Cas- $2 
sel and Mathog.* Information was also collected on uO 120 
the subjective responses of subjects to this type of do 100 
manipulation. a & 
=a 80 
Data were evaluated for stimulus-response ehar- O n 
acteristics, particuarly the gain in nystagmic re- marr 60 
sponse as a function of stimulus frequency and ac- 55 40 
-celeration. Responses were also evaluated for svm- =o 
metry (as the subject was turned in a right or left g 20 


direction) and for any habituation that occurred 
from repetitive testing. 10 20 30 40 50 
PERIOD IN SECONDS 
Responses in Nermal Human Subjects. Initial 


studies utilized 16 rormal airmen. The responses of Fig. A. Mastizum average peak peer a Pe aA 

i i i 7 ponent of nystagmus as a function of period. The potte 
these subjects to sinusoidal angular acceleration are values are an average of the peak nysta intis develogeal ir 
shown in Table 1 end F igure 1, where the nystag- clockwise or counterclockwise rotation. (From Mathog 
mic velocity (maximum velocity of the right-beat- RH, Cramer RL.’ Published with permission.) 
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TABLE 1. PEAK VELOCITY OF NYSTAGMUS IN RESPCISE TO SINUSOIDAL STIMULI (N = 16) 


Stimulus parameters 


Frequency (Hz) 0.24 0.12 
Period (s) 4.2 8.3 
Peak velocity (rpm) 2.6 5.4 
Peak acceleration (rad/s?) 0.4 0.4 
Peak velocity of nystagmus 

Average (°/s) 9.6 20.9 
Range of values (°/s) 15.5-14.1 

SD (°/s) 2.6 6.5 


From Mathog RH.? Published with permission. 


celeration, the system showed signs of overdrive 
with a decrement in gain. 


In comparing right to left preponderance the 
nystagmic velocity to the right was appreximately 
equal to the nystagmic velocity to the let (Fig. 3). 
The directional or labyrinthine preponderance was 
determined by a modification of Jongkees’s formula 
in which the preponderance was equal tə the dif- 
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Fig. 2. oe ag responses of six normal su jects as a 
function of peak acceleration and cyclic pericds or fre- 
quency. Plots of A, B, and C represent, respectively, accel- 
erations of 0.6, 0.4 and 0.2 rad/s? with calculatisns of left- 
beating (—) and right-beating (- - -) nystagmus. (From 
Mathog RH.? Published with permission.) 
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feraxe of the nystagmic velocity to the right and to 
the l=ft, over the sum of the nystagmic velocity to 
the right and to the left. This calculation allowed 
for -he directional preponderance to vary between 0 
anc | or 0 and 100% if the data were multiplied by 
102%. As shown in Figure 3, the subjects were not 
onl> “symmetrical” but these calculations showed 
mirimum variability. 


The phase shifts, measuring the relationship of 
the change in direction of the eyes to the chair, as 
des=-ibed by Niven et al' were also evaluated by the 
harescoring techniques. These early analyses were 
difi-ult to perform and it was not easy to determine 
th=exact point of phase shift, thus creating a great 
ded of variability in the data. There was no at- 
tempt at computer analysis of the data which ap- 
parently has been successful for phase determina- 
tion in more recent investigation.° 


Fesponses in Disease Conditions. Following com- 
pl=ion of analysis of normative data, the sinusoidal 
argular acceleration test was administered to sever- 
al petients. Figure 4 demonstrates a typical stimulus 
ane response in a patient with an acoustic neuroma. 
As exemplified by this patient, the velocity of the 
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Fig. 3. Relative direction of response (preponderance) 
«ith respect to the maximum velocity of the slow compo- 
rent of nystagmus. Vpr is the maximum velocity of the slow 
samponent of nystagmus to the right. V; is the maximum 
zdlocity of the slow component of nystagmus to the left’ 
From Mathog RH, Cramer RL.’ Published with permis- 
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response in one direction was very much diminished 
as compared to tke velocity of the response in the 
other direction. Ir observing patients following re- 
moval of the acoustic neuroma, the patients did bet- 


ter clinically and showed a decrease in the amount 
of asymmetry of response. 


CALORIC FARESIS CALORIC PREPONDERANCE 
Ler S RIGHT LEFT RIGHT 


Fig. 5. Frequency distribution comparing the degree 
and direction of abaormality from caloric and sinusoidal 
stimulations. All patients were not included in every 
‘category. Normal (M), borderline (B), and abnormal (A), 
responses are defined in the text. (From Mathog RH.’ 
Published with permission.) 
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Fig. 4. Nystagmic responses in an indi- 
vidual with a cerebellopontine angle tu- 
mor. Line A represents the ræording of 
LEFT the accelerometer and demonstrates the 
frequency, direction and magnitude of 

lation. Line B shows the sope meth- 
od of determining the maximum slow- 
phase velocity of nystagmus, while lines 
C and D define the clamped derivative in 


PEAN two directions. (From Mathog RH.? Pub- 


lished with permission.) 





The sinusoidal stimulus was also evaluated in 52 
patients representing various diseases of -he ves- 
tibular system (Fig. 5). The scattergram shown in 
Figure 5 compares the preponderance of an angular 
acceleration test to that of a caloric stimu.us. For 
these purposes directional preponderance er laby- 
rinthine preponderance was classified according to 
Jongkees’s formula as normal, borderline, cor abnor- 
mal using normal as 0-20% and abnormal as 30% 
or greater preponderance. With stimuli at high fre- 
quency (ie, 0.24 cycles/s) the preponderanee from 
the sinusoidal acceleration was more to the ‘eft side 
signifying the possibility of an impulse art fact of 
the system. At the midfrequencies (ie, 0.08 cycles/s) 
preponderance resulting from sinusoidal aecelera- 
tion was similar to that resulting from caloric 
stimulation. At a low frequency (ie, 0.02 cycles/s) 
patients with abnormal responses to sinusoidal ac- 
celeration distinguished themselves by having sig- 
nificant pathology. It was at this particular fre- 
quency of stimulation that patients with Menieére’s 
disease had abnormal responses for sinusoidal accel- 
eration and normal responses to caloric stimu lation. 
Other investigators®’” have also observed cifferent 
sensitivities of the system at lower frequencies of 
stimulation, but the low frequency stimulus ^as not 
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Fig. 6. Total slow-phase displacement of the eyes in- 
duced by caloric stimulation in the saline, 200 mg/kg strep- 
tomycin and 100 mg/kg streptomycin treated groups. 
(From Reder et al.* Published with permission.) 
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7. Total slow-phase displacement of the eyes in- 
duc ad by various frequency-acceleration combinations of 
sinusoidal angular acceleration in the saline, 200 mg/kg 
streptomycin and 100 mg/kg streptomycin treed groups. 
(From Reder et al.* Published with permissior.) 


proven particularly beneficial in these Eter studies 
for identifying the unilateral lesion. 


Animal Studies. In an attempt œ evaluate 
sinusoidal angular acceleration as a method for in- 
vestigating disease in man, several an mal models 
were also studied. It was observed that the cat 
responded well to sinusoidal acceleratzon and that 
the animal could be calibrated with stendard opto- 
kinetic techniques.* The cat was also suxted for com- 
parative caloric tests. 


After initial studies had established normative 
data in cats, Reder et al® investigated sinusoidal 


stimulation and responses in cats that were ren- 
de-ed ototoxic. In these experiments, groups of cats 
were stimulated with repetitive caloric or sinusoidal 
aceeleration stimuli. Peer groups were then treated 
sirailarly following injections of streptomycin. As 
shewn in Figure 6, animals receiving caloric stim- 
u ¿tion following saline injections showed habitua- 
tian of approximately 60% in three weeks. In ani- 
mls receiving 100 mg/kg streptomycin, responses 
disappeared completely at 16 days, while in animals 
reeeiving 200 mg/kg of streptomycin, responses dis- 
anopeared in 10 days. Animals stimulated with si- 
msoidal angular acceleration demonstrated a 30 % 
hasituation during the three-week time period 
(F g. 7). These animals, when administered strep- 
toarycin at 200 mg/kg, lost responses at 10 days and, 
when given 100 mg/kg of streptomycin, lost re- 
sponses at 16 days. It was concluded from these ex- 
peiments that the sinusoidal angular acceleration 
was as sensitive as the caloric test in determining 
otetoxicity and that these acceleration tests could be 
also used to follow toxicity in patients receiving 


drug therapy. 
SUMMARY 


The experience with sinusoidal angular accelera- 
tcn demonstrated a potential application of a new 
sytem for the analysis of human vestibular disor- 
ders. Normative data were established and in sever- 
al individuals limits for stimulation were obt&ined. 
Symmetry of response appeared very consistent sug- 
gesting that an analysis of symmetry could be used 
iz ebserving imbalance in the vestibular system as 
well as providing a method to follow continued im- 
telance or recovery to normal. It could thus be de- 
t2-mined whether an individual’s condition was im- 
pmoving or worsening, depending upon the degree 
cf labyrinthine preponderance from one testing ses- 
sien to another. The test was also useful in selecting 
eFnormal vestibular conditions especially at lower 
frequencies of acceleration. 


Additional studies on ototoxicity demonstrated 
iEat the test was as sensitive as caloric testing in 
evaluating deficits of the vestibular system. Since 
stimulation could be provided in a very short period 
o time, it was possible to perform a rapid testing of 
tLe vestibular system with potentially miguna dis- 
cəmfort to the patient. 


These studies also showed that sinusoidal acceler- 
aion had limits in detecting a site of lesion of ves- 
-tbular dysfunction. It was also not possible to de- 
zemine which ear had sustained damage; and with 
“his consideration it would be unlikely that this 
stimulus would ever replace the caloric test. Yet, in 
spite of these limitations, the studies appeared to in- 
cieate that the sinusoidal stimulus added anether 
useful and important dimension to the evaluation of 
tae function of the vestibular system. 


14 


ROBERT H. MATHOG 


REFERENCES 


l. Niven JI, Hixon 2, Correia MJ. An experimental approach 
to the dynamics of th vestibular organs in the exploration of 
space. Pensacola: NAS. AP-77, 1965; 43-56. 


2. Mathog RH. Tes ing of the vestibular system by sinesoidal 
angular acceleration. Acta Otolaryngol (Stockh) 1972; 74:95-103. 

3. Mathog RH, Cremer RL. Testing of the vestibular system. 
Aerosp Med 1971; 42:721-5. 

4. Cassel JC, Matk>g RH. A variable slope plotter of nys- 
tagmic velocity. Arch C tolaryngol 1972; 96:185. 


5. Wolfe JW, Engelkem E, Kos CM. Low frequency har- 
monic acceleration as a test of labyrinthine function: basic 


methods and illustrated cases. Trans Am Acad Oothalmol 
Otolaryngol 1978; 86:130-42. 


6. Jenkins HA, Lau CGY, Baloh RW, Honrubia V. Implica- 
tion of Ewald’s second law for diagnosis of unilateral labrrinthine 
paralysis. Otolaryngol Head Neck Surg 1979: 87:459-62 


7. Kim YS, Lau CGY, Jenkins HA, Honrubia V. Implications 
of Ewald’s second law for the evaluation of vestibular function. 
Otolaryngol Head Neck Surg 1979; 87:453-8. 


8. Reder MS, Mathog RH, Capps MJ. Comparison cf caloric 
and sinusoidal tests in the vestibulotoxic cat. Laryngoscove 1977; 
87:2008-15. 


COMPARISON OF SUBJECTIVE SYMPTOMATOLOGY AND RESPONSES 
TO HARMONIC ACCELERAT ON IN PATIENTS WITH 
MENIERE’S DISEASE 


JAMES E. OLSON, LT COL, MC, USAF 


SAN ANTONIO, TEXAS 


JAMES W. WOLFE, PhD 


Vestibular function testing employing caloric stimulation has been cf limited value in the evaluation of patients with Menieére’s 
disease, with its cardinal shortcoming being poor repeatability. This moda ity has not been useful in determining appropriate treatment for 
these individuals. We have used low frequency harmonic acceleration to study patients with vestibular pathology and have noted a high 
level of repeatability of responses to this type of stimulation. This study was designed to determine if the clinical status of patients with 
Menieére’s disease could be correlated with their responses to harmonic accel ration. Thirty-six patients with typical symptoms of Meniére’s 
disease were evaluated and divided into four groups based on severity of symptoms. Analysis of variance of the phase shifts in asymmetry 
(or preponderance) showed a significant difference between the groups. Responses to this type of stimulation correlated with the clinical 
status of the patients to a significant degree. These data indicate that harm nic acceleration can be of value to the otologist in the evalua- 


tion of patients with Meniére’s disease. 


Vestibular function testing employing caloric 
stimulation has been of limited value in the evalua- 
tion and treatment of Meniére’s disease. In several 
series of patients with Menieére’s disease, it has been 
noted that many of the patients (30-50 %) have nor- 
mal caloric responses.'? We have used low frequen- 
cy harmonic acceleration to study patients with ves- 
tibular pathology and have noted a high level of 
sensitivity and repeatability of responses with this 
type of stimulation. The purpose of this study was 
to determine if the clinical condition of patients 
with Meniére’s disease could be correlated with 
their responses to harmonic acceleration. They 
were divided into clinical groups and their re- 
sponses compared to normals and to each other. 


METHODS 


All patients with Meniére’s disease (diagnosed sy AAOO cri- 
teria)’ seen between September 1977 and July 1978 were clini- 
cally categorized according to what we have elected to refer to as 
“stage” and “status.” The “stage” of the disease is essentially a 
time categorization, indicating to some degree the length of time 
the patient has had the disease and the type of symptoms present. 
“Status” refers to the current activity level of the disease. Al- 
though arbitrary, these classifications divide the patients into 
clinically recognizable groups and allow us to analyze the rota- 
tional data from several points of view. The fel owing criteria 
were utilized to differentiate groups in each category. 


STAGES OF DISEASE 


Early. The patient has had only one or two classic attacks; 
usually he has noted fullness, tinnitus and intermittent mild un- 
steadiness. He may be unsure of hearing fluctuation, but it can be 
documented audiometrically. If the patient goes into remission, 
he often neglects to return for follow-up thinking the disease has 
cured itself. The arbitrary limit for this stage is two years. 


Mid. The patient has had several classic attacks and is well 
aware of his disease. He may be in remission or may be having 


fuent exacerbations, but the diagnosis of Meniére’s disease is 
clear. This stage may last from several months to 20 to 30 years; 
mest patients are in this stage for at least several years. 


ate A. A patient in the late A stage has violent attacks of ver- 
tio with no warning and will often be unsteady most of the time. 
He has made (or is considering making) drastic changes in his life- 


stele. 


- 


"ate B. The patient has no more attacks of vertigo. His hearing 
is lepressed and no longer fluctuates. He is not really bothered by 
hi disease unless there is involvement of the other ear. 

è 


C JRRENT STATUS OF PATIENT 


“Mild. This patient knows that some problem is present. He 
usially has occasional unsteadiness, pressure and a change in tin- 
në us or hearing. He has had only one classic attack or has been in 
renission for at least six months. He may have minor motion in- 
tœerance. If he has been treated he meets the AAO® criteria for 
ecntrol of vertigo. 


Moderate. Although the patient may have regular minor at- 
ta-ks, he has had no classic attack for three months. He remains 
concerned that one of these may become a major attack. The pa- 
tient’s minor attacks usually consist of intermittent fullness, pres- 
cure, a change in tinnitus or hearing and mild unsteadiness, or a 
ecnbination of these. 


Severe. The patient is very concerned about his disease. He has 
regular minor attacks and occasional classic attacks. He is con- 
st.ntly concerned about another major attack and has had one 
wthin three months. Most importantly, he has been through 
emough remissions and exacerbations to know the disease will per- 
sit for many years. Medicine is regularly sought by the patient, 
ard he will seriously consider, and may ask for, surgery. 


Very Severe. A major change in lifestyle has taken place or is 
‘minent. He may have stopped driving and may be unable to 
work. He wants immediate treatment to eliminate his regular 
classic attacks. He may be unsteady most of the time and will con- 
siler any treatment no matter how irrational. 


After these arbitrary categories were established, each patient 
was evaluated and placed in the appropriate group on each clinic 
vit or hospitalization. Thirty-six patients were evaluated receiv- 
r= a complete otoheurologic evaluation as well as special vestibu- 
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TABLE 1. PATIENT CATEGORIES 


Stage of Disease 
Early 4 
Mid 26 
Late 6 
Status of Patient 
Mild 4 
Moderate 8 
Severe 19 
Very Severe 5 


lo-oculomotor tests inclading sinusoidal (harmonic) acceleration 
and are the subjects of his study. 


The vestibulo-oculomtor tests consisted of pursuit tracking op- 
tokinetic stimulation, tsting for spontaneous and positional nys- 
tagmus (including the Däx-Hallpike maneuvers), bithermal calor- 
ic stimulation and harmonic acceleration. A detailed description 
of these procedures has >een previously presented;?* only a sum- 
mary of the harmonic acceleration method will be provided. 
Each subject was seatec in a chair which was encapsulated by a 
lightweight drum and d-iven by a torque-motor turntable system 
(Contraves-Goerz DP-380). The head was positioned so that the 
horizontal canals were ñ the plane of rotation. The patient was 
tested in the dark with eyes opened while arithmetic problems 
and questions were empbyed to maintain adequate alertness. The 
electronystagmogram (ENG) was obtained for the summated 
horizontal and the left and right eyes independently. However, 
only the summated ENG was evaluated in the present study. 


The patients were tested at frequencies of 0.01, 0.02, 0.04, 0.08 
and 0.16 Hz at a maximum velocity of 50°/s. Acceleration thus 
varied from 3°/s? to 50° s*. Analog and digital computer techni- 
ques were utilized to analyze the data. Output measures were the 
phase selationships betw2en the input stimulus and the eye move- 
ments and asymmetry (labyrinthine preponderance). Phase rela- 
tionships (referenced to velocity) were obtained by cross-correlat- 
ing the tachometer inpu* signal with the inverted slow-phase de- 
rivative. Labyrinthine preponderance (LP) was determined by 
separately integrating th2 total slow-phase output to the left and 
right and converting the differences to percentages. These param- 
eters were Obtained at eack test frequency. 


RESULTS 


The patients had a mean age of 39, ranging from 
10 to 67. Twenty of the 36 patients were males. 
Twenty-three (59%) had caloric responses that 
were within norma. limits, ie, unilateral weakness 
and directional preponderance (caloric) of less than 
20%. 


Four patients were in the early stage, 26 in mid- 
stage and 6 were late. Of those in the late stage, 
three were classified at Late A (decompensated) and 
three were Late B (burned out). When grouped ac- 
cording to status, 4 were mild, 8 were moderate, 19 
were severe, and 5 were very severe (Table 1). 


Initially, data frcm the patients were pooled and 
compared with our normal data. Analysis of vari- 
ance of the phase measures showed the Menieére’s 
groups to be significantly different from normals at 
0.01 and 0.02 Hz (~ig. 1). When the LP of all pa- 
tients was compared with normals, there was no 
significant difference. 


The phase measurements of the stage groups (early, 
mid and late) amd the status groups (mild, 
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Fig. 1. Phases of status of patient groups 1 & 2 and 3 & 4 
plotted for each frequency of rotation. Each grows and 
combined groups are significantly different from ncrmals 
at frequencies 0.01 and 0.02. 


moderate, severe, very severe) were then compared 
individually, in combination to each other, and to 
normals. Most of the comparisons yielded nesignifi- 
cant differences and will not be discussed. 


However, when a comparison of the LP of status 
groups, mild and moderate versus severe and very 
severe, was carried out, the LP was significantly 
different between groups at all five frequencies of 
stimulations (Fig. 2). There were also significant 
differences between the moderate versus severe 
group and between the moderate versus very severe 
group. On examination we noted there appeared to 
be a significant clinical division between th2 mod- 
erately symptomatic patients and those with severe 
symptoms. It appears as though close proximity 
(within three months) to a classical attack wll con- 
vert a moderately symptomatic patient to a severe 
one both clinically and on rotational testing 


On examination of the Late A stage (deccmpen- 
sated) and Late B stage (burned out), the Lat2 A pa- 
tients had a labyrinthine preponderance ind cating 
increased output on the diseased side; whereas, the 
“burned out” patient had a diseased ear whizh was 
depressed. 


DISCUSSION 


Although each patient’s data are unique, the 
above statistical results permit some conc! isions. 
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Fig. 2. Labyrinthine preponderance of status of patient 
groups 1] & 2 and 3 & 4 plotted for each frequency of rota- 
tion. Combined groups 3 & 4 are significantly different 
from normals at all frequencies while groups 1 & 2 are not. 


“6 


MENIERE’S CASEASE & HARMONIC ACCELERATION 17 


The phase measure is highly repeatable and appears 
to be quite sensitive for peripheral disorcers. The 
phase was abnormal in all of our patients with clini- 
cal Menieére’s disease and appears to be resistant to 
CNS compensation. Once the disturbance is initial- 
ly manifest clinically, the phase measur=zs at the 
very low frequencies will show an abnormality re- 
gardless of the clinical status of the patient. Thus, 
phase relationships at the 0.01 Hz stimulus frequen- 
cy appear to be a consistent and sensitive indicator 
of peripheral end-organ disease. 


Comparison of phase and labyrinthine prepon- 
derance parameters between patients of differing 
clinical status showed some interesting findings. 
When patients began having regular (more often 
than every three months) attacks, their p-eponder- 
ance markedly changed. This was usually shown by 
an asymmetry indicating irritation (increased out- 
put) of the vestibular system with utriculopetal 
movement on the diseased side. In the “burned out” 
patients, the preponderance indicated depression of 
the involved ear. The patients with depression of 
the involved ear were usually less symptomatic than 
those with irritation. 


Those patients with a marked asymmetry in- 
dicating irritation of the involved ear are much 
more liable to a classic attack than those who are 
symmetrical or depressed. Thus, the preponderance 
reflects the clinical status of the patient as indicated 
by the presence or absence of classical attacks. This 


may enable the clinician to more accurately advise 
the patient concerning medical or surgical treat- 
ment. Certainly the patient severely asymmetric to 
the side of the involved ear (irritation) should be 
treated and followed closely in an attempt to reduce 
the imritation even though the patient has not had a 
recert attack. 


CONCLUSIONS 


Harmonic acceleration was employed in the eval- 
uation of 36 patients with classical Meniére’s disease 
and certain conclusions can be made. 


1. Low frequency sinusoidal (harmonic) acceler- 
ation provides phase and directional preponderance 
measures which are sensitive for peripheral laby- 
rinthine disorders. 


2. The phase change is resistant to CNS compen- 
sation. 


3. The labyrinthine preponderance or asymme- 
try measurements reflect the clinical status of the 
patient as indicated by the classic attack. 


4. When the asymmetry shows that the involved 
ear is irritable, the patient is more likely to have 
classic attacks. 


5. Sinusoidal (harmonic) acceleration produces 
quaatitative data which may be correlated with 
pathophysiologic changes in the inner ear. » 
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SINUSOIDAL HARMONIC ACCELERATION TEST IN 
CLINICAL PRACTICE 


WALLACE RUBIN, MD 


METAIRIE, LOUISIANA 


The author's experience during the first year of use of the Sinusoidal Harmonic Acceleration test in clinical practice is preseated. The 
advantages of this test both in the diagnostic and monitoring areas are illustrated with patient evaluation summaries. Further. ase of this 
test on a daily basis in the office practice of neurotology will define its role in the evolution and follow-up of neurotologic prcHems. 


Barany' introduced the concept of the clinical 
usefulness of rotational tests for vestibular evalua- 
tion in 1907. Since that time there has been a zreat 
deal of interest in the development and improve- 
ment of rotational techniques for testing. The ‘rend 
has been to use more sophisticated methods which 
employ precise stimuli and sophisticated recording 
equipment. The technique of cupulometry was in- 
troduced by van Ezmond and Groen in 1953.° The 
subliminal rotatioa test of Montadon? was intro- 
duced in 1954 and -he vestibulometry tests of Borok 
were introduced ir 1971.4 


Several investigators, Niven et al, Cramer et al,° 
and Eviatar and Goodhill,’ described methods of 
continuous harmoric or sinusoidal oscillation. Such 
techniques provided an efficient and quantitative 
acceleration stimu us. They also suggested simple 
methods of evaluating the nystagmic respense. 
Preliminary report: suggested an application te the 
clinical evaluation of patients, although the tests 
were initially -estr cted to laboratory animals and 
normal subjects. 


Mathog made seme significant observations in 
1972.° He stated that he found that sinuseidal 
stimulation, as defined at a specific frequency and 
peak acceleration, droved useful in the evaluetion 
of the vestibular sysem. When applied to abnormal 
cases, he found that it was possible to determine 
directional preponderance and that it was also 
possible to distinguish severe pathology. The mota- 
tional techniques did not delineate the particular 
pathologic ear but cid provide a method for follow- 
ing a changing disease state. In conjunction with 
caloric tests, the sirusoidal rotational stimulus did 
allow for a more complete understanding of the 
vestibular system. 


Mathog*® and otaers have since attempted to 
utilize and analyze the diagnostic value of the siaus- 
oidal stimulus. My remarks will be limited to the 
utilization of sach a technique in the clinical en- 
vironment of my affice practice during the past 
year. The data derived from these determinations 
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were then applied to a variety of clinical problems. 
comparing results from sinusoidal stimulation to 
those of other vestibular tests. It was anticipated 
that this study would clarify some of the difviculties 
in rotational testing, as well as provide new meth- 
ods for differentiating and monitoring vestibular 
pathology. 


My involvement in this effort was stimu! ated by 
the work of Wolfe et al?!° and by the perseral con- 
sultation with and encouragement of V. Hearubia. 
My continued search for the “better mousetrap” 
with which to evaluate the dizzy patient was fur- 
ther propelled with W. Wolfe’s and Horrubia’s 
stimulation and the technological assistance of ie 
Parmentier. 
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Fig. 1. Patient 1, 36 yr male. Test dates A) Nov. 1, 1979: 
B) Dec. 14, 1979. 
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Fig. 2. Patient 2, 34 yr female. A) PHASE 
Test date: April 27, 1979. B) 60. 
Audiogram: April 27, 1979. 
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This presentation will be confined to excerpted 
material from patient evaluations. These patients 
have been selected to illustrate the value of the 
Sinusoidal Harmonic Acceleration (SHA) test as 
first, a means of rapidly solving subtle Giagnostic 
dilemmas; second, as a more accurate method of 
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Fig. 3. Patient 2. Blood fat studies and glucesetolerance 
curve: Aug. 6, 1979. 
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diffentiating central from peripheral abnor- 
mai ies; and third, and probably most important, 
as ə modality for monitoring patient progress. 
These changes over time probably occur as a result 
of the presence or absence of central vestibular com- 
persation. 


TECHNIQUE CONCEPTS 


E-aluation of symmetry in the abnormal group 
of subjects revealed different patterns developing 
witt changes in stimulus frequency. The analysis 
demonstrated: 1) distortion at high frequency from 
stimulus artifact; 2) directional preponderance sim- 
ila’ to the results of caloric tests at midfrequency; 
and 3) what appeared as a separation of severe from 
lesser pathology at the lower frequency stimulation. 
A_though the pattern of response for each individ- 
ua hroughout an entire frequency range of 0.24 to 
0.Cé Hz was useful, the clinical application was 
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Fig. 4. Patient 2. Test dates A) Aug. 6, 1979; B) Dec. 1+, 1979; C) March 21, 1980; D) Aug. 21, 1980. 
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most valuable at the greater stimulation (0.02 Fz), 
employing the longer period of lower frequency. 


In addition to -hese general relationships of 
stimulus and respoase, other information deri-ed 
from individual cass demonstrated the possibi ity 
of evaluating changng pathology. Usually, the di- 
rectional preponderznce elicited by sinusoidal stm- 
ulation remained co stant for at least 24 hours, but 
in some patients, evaluation at a later time demen- 
strated a change in Grection and a tendency towerd 
symmetry. The pheromenon was particularly char- 
acteristic of those few patients where there was -e- 
covery following injurv to the vestibular system: ie, 
head injury and dest-uctive labyrinthectomy. 


On the basis of such information, changes of syn- 
metry of response were used to determine the extent 
of healing processe. If the directional prepcn- 
derance remained constant over a period of time. it 
was possible to assume a lack of compensation aad 
the likelihood of an ective or progressive lesion. 
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Fig. 5. Patient 3, 51 yr male. Test dates A) Jan. 31, | 980; B) 
Feb. 13, 1980; C) March 24, 1980; D) April 28, 1980; E) Aug. 
14, 1980. 


CASE REPORTS 


The following patient summaries illustrate the use of the SHA 
to advantage: 1) A better discriminator of abnormalit~; 2) to 
monitor progress; 3) to show patient inprovement in spite of con- 
tinuing complaints; and 4) to confirm lack of patient improve- 
ment. 
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Fig. 6. Patient 4, 59 yr female. Test date: July 10, 1979. \ 
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Fig. 7. Patient 4, 60 yr female. A) Glucose tolerance curve: July £2. 1979. B) Blood fat studies: Sept. 10, 1979. C) Blood 


fat studies: Oct. 30, 1979. 


Following is an outline of the work-up of all patients seen in 
this study: 


l. Physical examination. 


2. Hearing evaluation including conventional hearing tests and 
brainstem evoked response (ABR). 


3. Conventional electronystagmography (ENG), including al- 
ternate and simultaneous binaural bithermal testing (ABB and 
SBB). 


4. Sinusoidal Harmonic Acceleration testing (SH) including 
phase lag and preponderance. 


5. Radiography. 


As a Better Discriminator. Patient 1, a 36-year-oid male con- 
struction worker was first seen November 23, 1979, having suf- 
fered from dizziness for 20 hours. He was extremely nervous, only 
able to navigate with help, and was slightly nauseated. He was in 
excellent general health, and after the work-up admitted to tak- 
ing moderate-to-large amounts of at least two psychotropic drugs 
daily. The evaluation performed revealed the followmg: 


l. Physical examination: Romberg positive, gait amd cerebellar 
tests normal. 


2. Hearing evaluation: 
a. Conventional hearing tests, bilateral high-tcme mild loss. 
b. ABR abnormal bilaterally. 
3. Conventional ENG: 
a. Left spontaneous nystagmus. 
b. Left directional preponderance on ABB and SBB. 


4. SHA: phase lag, central abnormality; preponderance, right 
(marked) (Fig. 1A). 


5. Radiography: polytomes normal. 
6. Biochemistry: normal. 


A second evaluation on December 14, 1979, after cessation of 
drug ingestion showed marked improvement on SĦA which cor- 
related with the symptomatic improvement. There was, how- 
ever, no change on the conventional ENG (Fig. 1B». 


To Monitor Progress. Patient 2, a 34-year-old female was seen 
first on April 27, 1979, because of recurrent dizzy episodes accom- 
panied by fullness, diplacusis and hearing loss in the right ear. 
There were no other general medical problems of significance. 
None of the so-far tried medical regimens had been of benefit in 
controlling her rather obvious problem with endetymphatic hy- 
drops. She was an intense, hard-working individual (both at 
home and in industry), and admitted to poor eatimg habits over a 
long period of time. 


The evaluation revealed the following: 
1. Physical examination: normal. 


2. Hearing evaluation: 


\ 





a. Conventional hearing evaluation, right mild sensorineu- 
ral hearing loss (low tone primarily) (Fig. 2). 


t. ABR abnormal right. 
3. Conventional ENG: 
a. Right spontaneous nystagmus. 
b. ABB — right reduced response. 
æ. SBB — peripheral right reduced response. 


4, SHA: Phase lag — peripheral abnormality; preponderance 
— rimnt (marked) (Fig. 2). 

=, Radiography: polytomes normal. 

6. 3iochemistry: normal except for flat glucose tolerance test 
(Fiz. 3). 

T= serial SHAs correlated exactly with the remission and exa- 
cerbecions of the symptoms related by the patient (Fig. 4), but the 
hearimg evaluations and the conventional ENGs from April 27, 


197S, through July 21, 1980, did not at all correlate with the 
repered remissions and exacerbations of the patients symptoms. 
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Fig. 8. Patient 4. Test dates A) Sept, 10, 1979; B) Oct. 
30, 1979. y | 
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To Monitor Pregress Following Trauma. Patient 3, a 50-year- 
old male, became wobely and had a staggered gait immediately 
following an injury on -oard a barge on November 13, 1979. The 
barge was struck by a boat and the patient was thrown against a 
stove in the galley pinred against a wall, struck the left side of his 
head, and was krockee unconscious for about five minutes. He 
was treated at a local spital and sent home. He reported being 
lethargic for a couple ofdays and since that time he complained of 

staggering and dizzy epsodes daily. 
Evaluation on Januar’ 31, 1980, revealed the following: 
k Physical exaninatÐn: no abnormalities. 
2. Hearing evalaatior: 


a. Conventicnal Bearing tests, flat bilateral sensorineural 
loss with excellent discrimination. 


b. ABR — bilater 1 abnormality but especially left side. 
3. Conventional ENC: 
a. No spontaneousor positional nystagmus. 
b. ABR — right directional preponderance. 
* c. SBB — 30° rig beating (type IV). 
4. SHA: phase lag — peripheral; preponderance — mone. 
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Fig. 9. Patient 5, 32 yr male. Test dates A) July 2. 1979; B) 
Aug. 6, 1979; C) Oct. 16, 1979; D) Jan. 8, 1979; E) aug. 18, 
1980. 


5. Radiography: normal polytomes and scan. 
6. Biochemistry: normal. 


He has improved gradually and his SHA tests confirmed his pro- 
gress objectively (Fig. 5). 


As A Better Discriminator and to Monitor Progress (Metabolic). 
Patient 4, a 59-year-old female, was first seen on July 10, 1979, 
because of a week-long period of weakness, dizziness, ~omiting, 
confusion and episodes of falling. She had been hospitalized for 
treatment of similar symptomatology on May 19, 1979. She had 


= not improved on the previous treatment regimen (she probably 


did not follow the prescribed regimen). 

Evaluation on July 10, 1979, revealed these significant find- 
ings: 

l. Physical examination: obese female in obvious distress as a 


result of nausea and dizziness. She exhibited an abnormal Rom- 
berg, gait and cerebellar function. 


2. Hearing evaluation: 


a. Conventional — normal except for bilateral bigh-tone 
loss (8,000 Hz). 


b. ABR — abnormal bilaterally. 
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3. Conventional ENG: 
a. Direction changing positional nystagmus. 
b. ABB — left reduced response. 
c. SBB — left reduced response. 


4. SHA: Phase lag — peripheral abnormality; preponderance 
— left (Fig. 6). 


5. Radiography: polytomes normal. 


6. Biochemistry: elevated sugar (357), cholesterol (310), trigly- 
ceride (2030), type IV phenotype, HDL was unreadable (Fig. 
TA). 


She improved markedly over the next 90 days but never did 
achieve the anticipated improvement because she followed in- 
structions erratically. Her SHA tests did (Fig. 8A, B), however, 
correlate completely with her biochemical surveys and her erratic 
performance (Fig. 7B, C). 


To Monitor Fluctuating Symptoms Following Trauma. Patient 

5 , a 22-year-old male oil worker, was hit by a drill pipe over the 

> right eye while working on a rig on May 12, 1978. He was dazed 
but not unconscious and did not see a physician umtil July 19, 
1978. He complained of headache, nausea, floating feeling and 
dizziness since the time of the accident. He was first seen by me on 


— 
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7g. 10. Patient 6, 31 yr male. Test dates A) May 8, 1979; B) 
Ju , 1979; C) Oct. 15, 1979; D) Feb. 21, 1980; E) July 9, 
198C. 


Febwary 13, 1979, after being under the care of at least five dif- 
feret physicians in multiple specialties. He had not worked at 
any occupation since the date of the accident. There was no his- 
toryvof any prior significant medical problem. Evaluation revealed: 


1. Physical examination: no abnormalities. 
2. Hearing evaluation: 


a. Conventional hearing tests — normal. 
b. ABR — normal. 


3 Conventional ENG: 


a. Left spontaneous nystagmus. 
b. Direction changing positional nystagmus. 
c. ABB — left reduced response. 
d. -SBB — left reduced response. 
4 SHA: phase lag — peripheral abnormality; preponderance 
— pone. 
5 Radiography: polytomes normal. 
5 Biochemistry: normal. 
the improved gradually with symptomatic therapy but in spite 


of jection SHA improvement into the normal range, he never 
has=admitted to subjective improvement (Fig. 9A-E). 
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Fig. 11. Patsent 7, 55 yr male. Test dates A) May 14, 1979; B) July 12, 1979; C) July 23, 1979; D) Oct. 22, 1979. 


To Confirm Improvement Despite Complaints. Patient 6, a 
31-year-old male indus-rial diver, suffered a “hit” at 59 m |194 ft) 
on May 23 and May 25, 1978. From that time until he was seen on 
November 8, 1978, he complained of irritability, forgettulness, 
dizzy episodes, and hearing loss. He had been a commercial diver 
for ten years prior to the incident and had been “bent” on at least 
two prior occasions, onee in 1974 and once in January 1975. Both 
of these episodes were limb “hits.” He was otherwise in excellent 


health. œ 
Evaluation and findiags on November 8, 1978, were as follows; 
1. Physical examinafion: normal. 


2. Hearing tests: high-cone sensorineural hearing loss 3,000, 
4,000, 6,000, and 8,000 Hz); good discrimination bilaterally. 


3. Conventional EN’: 

a. Left spontaneaus nystagmus. 

b. Direction changing positional nystagmus. 

c. ABB — left reduced response. 

d. SBB - normal. 
4, SHA: Phase lag — peripheral; preponderance — lefi. 
5. Radiography: polrtomes normal. 


6. Biochemistry; CEC — 7% eosinophilia; flat glucose 
tolerance test, otherwise normal. 


Patient’s SHA improved gradually to complete recovery but he 
never did quit complaining of dizziness and lightheadedness (Fig. 
10A-E). 


Lack of Improvement Following Use of Ototoxic Drug. Batient 
7, male, age 55, was fir-t seen on May 14, 1979, because o! com- 
plaints of staggering ga t, wobbly posture, foggy head ard diz- 
ziness since April 29, 1979. These symptoms followed a prostatee- 
tomy procedure done or April 25, 1979. He received 240 mg per 
day,of gentamicin for =ven days starting April 5, 1979. Other 
than being a heavy smoxer and drinker, his health was goed. 


Evaluation on May I<, 1979, revealed the following: 


l. Physical examination: positive Romberg, abnormal gait and 
abnormal cerebellar function. 


2. Hearing evaluation: 


a. Conventional hearing — right sensorineural hearing loss, 


mild, flat. 
b. ABR — not done. 


3. Conventional ENG: 


a. Right spontaneous nystagmus. 
b. ABB — right reduced response. 
c. SBB — right preponderance. 


4. SHA: Phase lag — central abnormality; preponderance — 
left. 


5. Radiography: polytomes normal. 
6. Biochemistry: normal. 


An SHA monitor over a 15-month period confirmed the negative 
progress for almost the first year after gentamicin therapv.The im- 
provement which has now begun, is confirmed by the cor-elation of 
the patient's symptom and the SHA tests (Fig. 11A-G). 


CONCLUSIONS 


The case histories are illustrative of the aforemen- 
tioned advantages of SHA utilization. 


Patient 1 illustrates the ability to quickly and ac- 
curately differentiate between peripheral and cen- 
tral vestibular abnormality in an individual whose 
conventional ENG testing was completely useless 
because of the heavy ingestion of psychotropic 
drugs. The SHA test done at the same sitting as the 
conventional ENG was not affected by the drug 
use. It clearly and precisely defined the abnermali- 
ty which was central in origin. 
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Patient 2 clearly demonstrates the effectiveness of 
the use of the SHA test for accurately monitoring 
and comparing test results and patient symptoms. It 
is well established that conventional ENGs rarely 
change at all in spite of marked patient symptom 
change. 


Patient 3 reveals the effective use of SHA in moni- 
toring patient progress following trauma. In this 
particular instance, the patient was an honest, ac- 
curate historian and in spite of the fact that the fol- 
low-up conventional ENG showed no czange from 
the original evaluation, the SHA moniter tests cor- 
related accurately with patient symptom reporting. 
In this kind of patient, the physician car document 
and confirm the exact time for safe return to full 
employment. 

Patient 4 illustrates the effective utilization again 
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Fie 11 (cont'd). E) Dec. 17, 1979; F) Feb. 18, 1980; G) 


April 28, 1980. 


of he SHA test in patient monitoring. In this in- 
stance, the test was helpful in monitoring progress 
ima patient with obesity, hypertension and elevated 
bbod fats. The patient’s lack of cooperation in fol- 
losing the prescribed dietary regimen was confirmed 
or the SHA monitor follow-ups. 


Patients 5 and 6 show the utilization of the SHA 
tes: for confirmation that vestibular compensation 
hed occurred in spite of the fact that both patients 
ccutinued to complain of dysequilibrium. 


atient 7 illustrates the complete lack of improve- 
ment in a patient with vestibular involvement due 
tc hypertension or diabetes. Conventional ENG 
sLowed no change at all but the question of vestibu- 
ler compensation was answered with the use of the 
S—A test. 
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SINUSOIDAL HARMONIC ACCELERATION LABYRINTHINE TEST 
CLINICAL EXPERIENCE 


ROGER A. SIMPSON, MD 


Iowa City, Iowa 


Responses of 135 patients subjected to Sinusoidal Harmonic Acceleration Labyrinthine Test are reported. These patients are categor- 
ized into four clinical impression disease groups: 1) classic Meniére’s disease; 2) labyrinthine ischemia; 3) neurological diseases; 4). no 
labyrinthine or neurological disease. A case report in each category is presented. We find Sinusoidal Harmonic Acceleration Labyrinthine 


Test to be a useful tool in evaluation of the dizzy patient. 


Sinusoidal Harmonic Acceleration (SHA) Laby- 
rinthine testing was carried out by our group on 135 
patients between May 1979 and March 1980. In this 
test group patients with peripheral labyrinthine 
disease show lag phase distortion in the low fre- 
quencies, and responses within the expected range 
of normal subjects in the higher frequencies. J. W. 
Wolfe has reported the same experience (unpub- 
lished observations . 


CASE REPORTS 


Twenty-eight of the patients tested exhibited the 
classic Meniére’s disease triad of fluctuating hearing 
loss, episodic vertigo, and tinnitus. These patients’ 
SHA .tests exhibitec distortion in the two frequen- 
cies of the lag phase portion of the test. They usually 
also exhibited a predominance of the contralateral 
labyrinth. 


Patient 1. A 65-vear-old male presented with a 
three-month history of vertigo associated with fluc- 
tuating hearing loss and right tinnitus. His physical 
examination was ncrmal throughout except for au- 
diometry showing Figh-tone sensorineural loss end 
a mild right low-tone sensorineural loss (Fig. 1A). 
The SHA test revealed a mild lag phase shift and left 
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labyrinthine preponderance (Fig. 1B). He responded 
well to medical management of his Meniére’s dis- 
ease. 


Sixteen of the 135 patients tested also had low fre- 
quency lag phase distortion in the SHA test with 
higher frequency lag phase. These people, however, 
had a constant unsteadiness on motion or hac waves 
of vertigo in certain head positions. Their Hearing 
loss was sensorineural, high tone, without fhuctua- 
tion. Most exhibited high tone tinnitus. These peo- 
ple also underwent electronystagmography and 
were found to have positional nystagmus. They 
tended to be in the older age group of the 155 peo- 
ple tested. Our clinical impression is these people 
suffer from inner ear circulatory insufficieacy or 
labyrinthine ischemia. 


Patient 2. A 64-year-old female had a two-month 
history of lightheadedness on motion and on lifting 
her head to look upward. She had no tinnitas and 
complained of no hearing loss. Her physical exam- 
ination was normal throughout except for a mild 
sensorineural hearing loss (Fig. 2A). Electrorystag- 
mography revealed positional nystagmus of fleeting 
duration. Her SHA tests were abnormal, revealing 
low frequency lag phase and a definite right 
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Fiz. 1. (Patient 1, aged 65 yr, Sept 27, 1979) A) Audiologic examination. B) SHA test. 


From the Otologic Medacal Services, P.C., Iowa City. 


REPRINTS — Roger A. Smpson, MD, Otologic Medical Services, P.C., Iowa City, IA 52240. 
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mal reflex and no decay. B) SHA test Feb 28, 1980. 
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Fig. 2. (Patient 2, aged 64 yr) A) Audiologie examination, Feb 2& 1980. Impedance: Normal tympanograms AU; nor- 
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F ig. 3, (Patient 3, aged 47 yr) A) Audio agic examination, Sept 12, 1979. Impedance: Normal tympanograms AU; nor- 


mal reflexes and no decay. B) SHA test Sep* 13, 1979. 


labyrinthine preponderance (Fig. 2B). This patient 
responded nicely to vasodilators and heed exercises 
for labyrinthine accommodations. 


Twenty-six patients complaining of dizziness had 
a variety of neurological histories, sign- and sym- 
toms which lead to diagnosis of central nervous sys- 
tem disease. Head trauma, headache, numbness, 
paralysis and paresthesia are such signs and symp- 
toms. Diagnosis of acoustic neuroma, cerebral con- 
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cussion, encephalitis and multiple sclerosis are rep- 
resentative. This group of patients’ SHA» tests de- 
mcnstrated lag phase shifts in all frequencies. Sen- 
somineural hearing loss was usually present. 


Əatient 3. A 47-year-old female presented with a 
six-week history of unsteadiness on motion and pos- 
ticnal change. At the onset of her disorder, she had 
temporary right facial weakness which cleared 
wihin two days. She had no right ear pain or hear- 
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Fig. 4. (Patient 4, a ed 50 yr, Nov 26, 1979). A) Audiologic examination. Impedance: Flacid tympanograms AU; reflex : 


present, no decay AU. B) SHA test. 
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ing loss. At initial presentation, her physical exam- 
ination was normal. Audiometry revealed a slight 
high tone sensorineural hearing loss on the right 
(Fig. 3A). Electronystagmography showed a right 
unilateral labyrinthine weakness. Her SHA test 
revealed a very marked phase lag shift in all fre- 
quencies, with no specific labyrinthine prepander- 
ance (Fig. 3B). Later neurological manifestations 
helped to establisa the diagnosis of multiple sclerosis 
for this patient. 


There was a large group of patients (65) who 
came for our services complaining of dizziness 
whose examinatien was normal, hearing was nor- 
mal and the SHA testing was normal. 


Patient 4. A 5)-year-old male was hospitalized 
with acute unsteaciness for approximately 12 hours. 
At the time of our evaluation, he had no complaints 
of tinnitus or hearing loss, ear pain or drainage. 


Our physical examination was normal throughout 
with hearing audiometry revealing normal hearing 
(Fig. 4A). The SHA test was normal (Fig. 4B). Us- 
ing these tests, we were able to reassure this man 
that he had no evidence of labyrinthine or central 
nervous system disease. 


CONCLUSIONS 


I believe the SHA test has a high degree of sen- 
sitivity and is repeatable. If the patient has a nor- 
mal or abnormal SHA test and has a change of 
symptoms, this will usually be reflected in the re- 
peated test results. 


I believe this is a useful clinical and research tool 
and when used in association with other labyrin- 
thine tests and other neurological evaluations, is 
useful for diagnosis and prognosis of otoneurolog- 
ical disease. 
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AN OVERVIEW OF OCULAR MOTOR NEUROPHYSIOLOGY 
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A review of current concepts in ocular motor neurophysiology is preserted. Four separate subsystems of eye movements are recog- 
nized: saccadic, smooth pursuit, vergence, and vestibusar. Each subsystem is sharacterized by different physiologic characteristics and dif- 
ferent anatomic substrates which may be selectively affected in different pataologic states. A further eye movement response, optokinetic 
nystagmus, is complex and may be considered a separate system. To regard te horizontal optokinetic response as merely a combination of 
pursuit and saccades is an oversimplification but one which may be useful clinical localization. 


The purpose of this review is to provide a brief 
update of recent advances in ocular motcr neuro- 
physiology and anatomy particularly as they relate 
to horizontal eye movements and the optokinetic 
response. More extensive reviews of various aspects 
of eye movements are found in a number of 
reviews.'-* Four distinct classes of ocular motor be- 
havior may be defined: saccadic, pursuit. vestibu- 
lar, and vergence. To regard optokinetic nystagmus 
(OKN) as just composed of saccades ane smooth 
pursuit eye movements is an oversimpl fication. 
Such an approach may be useful for initial clinical 
localization? but the complexity of the optokinetic 
response justifies its consideration as a separate 
system. Nonetheless an understanding of the sac- 
cadic and smooth pursuit eye movement systems 
provides a basis for the study and interpretation of 
investigations concerning the optokinetie system. 
Particularly, knowledge of the interrelationship of 
the saccadic and pursuit system during conscious 
tracking of moving objects provides a clue to the in- 
teractions of the optokinetic and vestibular systems 
during head movements. The subtypes of eye move- 
ments have specific physiologic characteristics 
which may be altered collectively or separately by 
disease and experimental conditions.‘ 


Saccades are rapid eye movements used during 
voluntary refixations or in response to reflex visual 
or auditory stimuli. They possess certaim velocity- 
amplitude relationships which allow them to be 
characterized clinically and physiological!y.* Bahill 
and Troost* have reviewed the different types of 
saccadic eye movements and their correletion with 
clinical conditions. Other authors have provided an 
overview of the general processes which generate 
saccades’''® and the concept of neural plasticity 
within the system.'' Smooth pursuit or tracking eye 
movements are those produced by following a mov- 
ing target or its perceived path. Actually human vis- 
ual tracking uses two types of eye mevements: 
smooth pursuit and saccadic. Typical velocities for 
pursuit movements range from 1-30°/s, cepending 


on the speed of the target; in contrast, velocities for 
sacradic eye movements can be over 900°/s, de- 
pemding on the size of the movement.'”? The two 
subsystems may be differentially affected by cere- 
bra_lesions'*-'? or by drugs.”°' 


There have been several quantitative studies of 
human saccadic eye movements. However, there 
have been relatively few quantitative studies of 
human smooth pursuit eye movements. While there 
may be many reasons for this difference, the basic 
one is that the smooth pursuit system is more dif- 
ficult to study. Conceptually, there has been great- 
er change in the understanding of the mechanisms 
wich control smooth pursuit in recent years. It was 
once believed that a visible, moving target was 
neeessary to elicit a pursuit eye movement ledding 
to -eports of slow “pursuit”? eye movements which 
pasadoxically occurred in the absence of moving 
visual stimuli such as afterimages, imagined targets, 
preprioceptive inputs and seemingly at will. Addi- 
tional understanding of these seeming paradoxes oc- 
curred when it was realized that tracking or pursuit 
mevements might occur not just in response to a 
ret nal velocity error signal, but in response to an 
internal idea or “percept” of target motion.??-*4 


‘Juantitative parameters for saccades have been 
defined such as amplitude, peak velocity and dura- 
tion.**-?° These parameters yield a quantitative 
measure of saccadic eye movement quality. 


However less quantitative data is available for 
sm oth pursuit. A subjective visual analysis of elec- 
tre-oculographic records has been used for 
qualitative assessment of tracking attempts.%°-°*: 
Previous investigators have also attempted to assess 
the effects of drugs using qualitative impressions of 
the efficacy of pursuit tracking.?°?!*738 In recent 
years further attempts have been made-to quan- 
titate pursuit function by a variety of methods such 
as counting the number or amplitude of saccades 
wtich occur during each sinusoidal cycle!®3°-4! or 
by determining the number of times eye velocity 
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drops to zero.“ * The methodology of the last 
studies has been criticized because of the recerding 
system employed and artifacts introduced.** Fur- 
ther analyses hav= employed methods to determine 
a gain for the pur uit system, either by determining 
the ratio of the eyz velocity to target velocity *’ or 
by determining aow often the eye velocity ap- 
proached or matched target velocity. Two prob- 
lems with such stadies are that limited frequencies 
were used ard/or that the target waveforms had 
very predictable paths. 


More theoretical analyses of the pursuit sub- 
system have also >een performed to define the na- 
ture of the contro. system and provide models*to aid 
its understanding.****°° These investigators used 
sinusoidal targets and calculated gain and phase 
relationships at v_rious frequencies. Two problems 
associated with u ing such analyses for the smooth 
pursuit subsystem are: 1) the interaction of the sac- 
cadic subsystem with the pursuit subsystem and 2) 
the learning process. There is an intimate, func- 
tional relationshi» between the pursuit subsystem 
and the saccadic sibsystem. The combined eftect of 
the two subsystens when tracking moving targets is 
to maintain the target image on the fovea. When 
the velocity of the eye movement is not equal to the 
velocity of the target, an error accumulates which 
triggers a correct-ve or “catch-up” saccade. With 
target velocities above 30°/s, the tracking eye 
movements are cemprised almost entirely of sac- 
cades. This type œ tracking is termed saccadic pur- 
suit. An interaction between the saccadic and 
smooth pursuit subsystems can occur when tracking 
sinusoidally moviag targets with interspersed sac- 
cadic and pursuit segments. To generate the 
transfer funecion for the ocular motor tracking 
mechanism, the gain of the system must be ealcu- 
lated at discrete fequencies over the system band- 
width (0-2.5 Hz). As the target frequency increases, 
the number of cor-ective saccades per cycle ako in- 
creases. Above 2 Ez. the tracking is almost entirely 
saccadic.** At such frequencies any analysis really is 
describing the combined response of the two sub- 
systems. 


In summary, it is almost impossible to construct 
any test stimu us taat will elicit only smooth pursuit 
. eye movements. N oreover, it is the interaction be- 
‘tween the smooth pursuit subsystem and the sac- 
cadic subsystem that is demonstrated when one at- 
tempts to induce smooth pursuit eye movements us- 
ing slowly moving targets. 


The second problem with investigating the 
smooth pursuit subsystem is the influence cf the 
learning process, described by Dallos and Jones.5! 
This process is especially prominent when tracking 
periodic targets uch as repetitive sinusoids or 
ramps. When trac<ing a simple, periodic target, the 
pattern is learned and this results in an improve- 
ment in gain end « reduction of phase lag as a func- 


tion of time. Such learning or adaptation eliminates 
the actual visual input and replaces it with “per- 
ceived target velocity,” which is then tracked 2223-51-53 
This process makes it difficult to study the smooth 
pursuit system with periodic targets since 2 change 
in observed eye movement response coulc be the 
result of a change in prediction strategy. Psycholog- 
ical inputs decrease the likelihood of reproducible 
responses when periodic targets are used. It is 
believed that a subject primarily employs visual, 
rather than percept, tracking in response te random 
target motion. To reduce the effects of long-term 
learning or prediction, the target motion must be 
random. The realization that prediction may be in- 
volved in pursuit tracking has stimulated us to use 
aperiodic targets in studying smooth pursuit.5*55 
We used pseudorandom target motion (PRTS) 
which provided a rapid reliable measure of tracking 
ability by comparing pure pursuit movements with 
the combined saccadic and pursuit attempts as the 
target speed increased. 


ANATOMY AND PHYSIOLOGY 


Recent advances in the understanding of supra- 
nuclear eye movement control are reviewed in the 
following sections. 


Cortical Influences. Despite the fact that the exis- 
tence of the frontal eye fields was first described 
over a century ago, the precise nature of their role 
in the control of eye movements is still unclear. 
Clinical observations often prove difficult to recon- 
cile with anatomical and electrophysiological find- 
ings. One problem has been that few investigators 
have been able to identify cortical cells that fire 
prior to the onset of voluntary, nonvisually in- 
duced, eye movements. For this reason, anatomic 
studies are particularly important. A recent investi- 
gation of the efferent pathways of the frontal eye 
fields was performed in the macaque by Kurzle and 
Akert,°° using autoradiography. They found projec- 
tions to frontal, temporal and parietal asseciation 
cortex, and to the contralateral frontal eye field. 
These investigators also reported ipsilateral connec- 
tions of area 8 with the basal ganglia and pretec- 
tum, a brainstem region known to be invclved in 
both horizontal and vertical eye movement control. 
The authors also reported projections to the su- 
perior colliculus. These latter areas also receive ret- 


inal afferents and projections from visual cortex.5 . 


The connections with the lower portion of the 
brainstem were concentrated in the tegmental and 
basilar pontine nuclei. No projections were found to 
the oculomotor nuclei, “accessory oculomotcr” nuc- 
lei, or the pontine paramedian reticular formation 


(PPRF), the latter region being particularly impor- ° 


tant for the control of horizontal eye movements. 
Guitton and Mandl“? reported a possible exception 
to the absence of cell activation prior to eye 
movements. They found cells in the cat frontal eye 
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fields that fired before and during upward saccadic 
tracking of visual stimuli. 


Lynch et al®*-*' examined neural activity in the 
inferior parietal lobule (area 7) of monkeys before 
and during certain ocular motor behavior. They 
found three classes of visuomotor cells: fixation neu- 
rons, which fire during fixation or smooth pursuit of 
a desired object; tracking neurons, which only fire 
during pursuit; and saccade neurons, which fire 
before and during visually evoked (but not spon- 
taneous) saccades. In all cases the monkey had to be 
actively interested in the object being viewed in 
order for these parietal lobe cells to fire. Spontan- 
eous saccades were not preceded by any such firing. 
These investigators suggested that one function of 
area 7 was to compare the neural code representing 
the external environment with that which describes 
an organism’s internal state. The comparison would 
then be used to inititate saccadic refixations or to 
maintain fixation, depending on which was needed 
for the desired direction of visual attention. 


Goldberg and Robinson“? reported that electrical 
stimulation of occipital cortex also elicits eye move- 
ments. It does not appear, however, that this area 
serves a direct motor function itself but that its vis- 
ual processing is involved in visually evoked eye 
movements. Hence, stimulation of the oecipital cor- 
tex may produce an intense phosphene which serves 
an an apparent visual target. 


Most investigators believe that lesions involving 
subcortical parietal and occipital regions have an 
effect on the generation of ipsilateral visual tracking 
which is apparent clinically when testing pursuit 
function with moving targets or with optokinetic 
stimuli.” Some postulate an “optomotor” area in 
the parieto-occipital region which generates ipsilat- 
eral smooth pursuit movements, but experimental 
evidence in support of a direct connection to ocular 
motor nuclei is lacking. Updyke suggested that any 
influence on eye movement is probably mediated 
via the superior colliculus and/or pretectal region.™ 
Both of these regions receive inputs from cortical 
areas 17, 18, and 19. The clinicopatholagic observa- 
tions of Sharpe and Deck” suggest that normal pur- 
suit is possible even when the internal sagittal stria- 
tum is disrupted. 


Subcortex and Thalamus. Stimulation of thala- 
mic neurons can produce saccades,* but the exact 
role of the thalamus in eye movement control re- 
mains unclear. Ungerleider and Christenen® ex- 
amined the effect of ablation of the pulvinar on vis- 
ual discrimination training in monkeys and found a 
paucity of saccades to involve visual field regions 
and abnormally long fixations. Schlag and Schlag- 
Rey®**’ found that many cells in the thalamic inter- 
nal medullary lamina in the cat fired before and 
during spontaneous saccades in both light and dark- 
ness. In most cases the units were directionally se- 
lective. Many of the cells had a firing pattern re- 
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ser sling that seen in PPRF neurons, but with an 
adc tional visual component. The precise ocular 
mcr role of this region has still to be defined. 


Brainstem. An extensive review of brainstem eye 
mowement anatomy and physiology has appeared‘ 
and some of this information is summarized.’ 


The paramedian zone of the PPRF plays a vital 
rok in the generation of all types of saccadic? and 
pre »ably smooth pursuit, vestibulo-ocular, and op- 
tokmetic eye movements in the horizontal plane.’ 
Thi. is the region which was once referred to as the 
parabducens nucleus or the “center” for the conju- 
gate gaze. The PPRF lies ventral to the medial lon- 
git sdinal fasciculus (MLF) and rostral to the abdu- 
cen. nucleus within about 2 mm of the midline. The 
PPEF exerts a strong excitatory influence on the ip- 
sila eral lateral rectus via motoneurons within the 
aboucens nucleus and upon the contralateral me- 
dic rectus via a subgroup of motoneurons lying 
winin the oculomotor nucleus. In addition, the 
PPEF establishes connections with several other 
brainstem nuclei (ig, perihypoglossal nuclei and the 
ros ‘ral intersitial nucleus of the medial longitudinal 
fasciculus which have been shown to influence eye 
mevement,° particularly in a vertical direction.© A 
number of investigations have defined the charac- 
teristics of neuronal groups in the PPRF.’°°”* Recent 
eleetrophysiological’® and clinical?” reviews docu- 


meat the importance of the PPRF in gaze. , 


The final common pathway to the extraocular 
muscles from the CNS begins in the motoneurons of 
th= oculomotor (III), trochlear (IV) and abducens 
(V nuclei situated in a paramedian location in the 
nx dbrain (III and IV) and pons (VI). Classically all 
the neurons arising within these nuclear groups 
were believed to project to specific extraocular mus- 
cle;: the IV nucleus cells to the superior oblique, VI 
to -he lateral rectus and III to medial, inferior, and 
superior recti and to the inferior oblique. While this 
is “rue for the majority of the large ocular motor 
neurons, recent anatomic and physiologic evidence 
hes disclosed more complex interconnections of the 
nuclei than was previously realized.'’”*-*' The cell 
belies whose axons are destined for the various 
ocular muscles, are admixed in the third and sixth 
crenial nerve nuclei with smaller neurons, “oculo- 
metor internuclear neurons,” which have projec- 
tions linking the two nuclei and additional brain- 
st=m regions. 


The MLF has long been a brainstem region of in- 
tegest to ocular motor physiologists and clinicians 
besause of the syndrome of internuclear ophthal- 
meplegia. Recent investigations have further de- 
fined the role of the MLF and other premotor path- . 
ways of the brainstem in the regulation of eye 
mevements.*' Some of these anatomic connections 
uknown only a decade ago will undoubtedly, be- 
come more important clinically as more clinico- 
p=thologic data is carefully analyzed. 
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Several investigators**-** have identified recipro- 
cal connectioms within the MLF between groups of 
interneurons found within and around the nuclei of 
III and VI. These zells are smaller than motor neu- 
rons and have different staining characteristics. The 
rostrally directed drojection from the interneurons 
associated with the sixth nerve nucleus is contralat- 
eral, crossing at the level of the sixth nerve and 
ascending via the MLF to ocular motor neurons in 
the nucleus o? III while the reciprocal projection 
(nuc. III to ruc. VI) is bilateral.’ *' Steiger and 
Buttner-Ennever® estimate that approximately one 
half of the ce.ls within, and immediately around, 
the sixth nerve nudeus are interneurons, while only 
3% of cells in the third nerve nucleus fall into this 
category. There is thus a marked asymmetry of the 
reciprocal III/VI connections within the MLF in fa- 
vor of the ascendir g counterpart. 


Highstein® phys ologically demonstrated that the 
projection to the medial rectus component of the 
nucleus III wes an excitatory one and might func- 
tion as a “final common pathway” rostrally, relay- 
ing information fer all saccadic eye movements 
(vestibular, vo-untary or optokinetic) as well as pur- 
suit and fixation movements.** Interruption of this 
internuclear conneetion may be important in gener- 
ating the deficits observed clinically in internuclear 
ophthalmoplegia, deficits which have been gener- 
ally attributed to cisruption of direct vestibulo- or 
reticylo-oculomoto- fibers. However, secondary 
vestibular or reticular fibers which terminate on the 
medial rectus motenuerons have never been con- 
vincingly demonstrated.** Other brainstem regions 
which have attracted considerable interest in recent 
years are the perihypoglossal nuclei.**®”’ The nuclei 
play a rofe in cerebellar and vestibular regulation of 
eye movements but may even be responsible for the 
deficits in vertical eye movements that follow le- 
sions in the MLF.*° 


Vestibular System. Baloh and Honrubia®® have 
recently detailed the clinical neurophysiology of the 
vestibular system. Gnly some of the information re- 
lating to ocular mozor control is reviewed here. In 
view of the imoortance of the vestibulo-ocular re- 
flex it is appropriate to discuss those vestibular 
pathways involved in the control of eye movements. 
The convergence o? visual and vestibular stimuli 
can be demonstrated electrophysiologically in «he 
vestibular nuclzi.*? Many cells in these nuclei re- 
spond to rotation ei-her of the subject or of the en- 
vironment around a stationary observer. The re- 
sponse to two forms of stimulation provides a phys- 
iological explanation to phenomena such as cireu- 
larvection, the illusion of rotation experienced 
while watching a full visual field of moving opto- 
kinetic stripes (see Optokinetic System). 


During operatior of the vestibulo-ocular reflex 
(VOR), the pethways connecting the vestibular 
nuclei to the third, fourth, and sixth nerve nuclei 


are activated to produce the compensatory eye 
movements needed to maintain fixation en a sta- 
tionary object during head movement. Although 
the VOR is a function of brainstem and cerebellar 
activity, it appears that in man, at least, it is subject 
to modification by cortical influences. Barr et al’? 
reported that, with training, subjects rotated in 
darkness could significantly raise or lower their 
VOR gain, depending on whether an imagined fixa- 
tion point was thought to be stationary or moving 
with the observer. The clinical effects of vestibular 
lesions and their complex interconnections have 
been recently reviewed. +88 


The trochlear nuclear motoneurons project crossed 
axons which emerge dorsally unlike any other cran- 
ial nerve to cross in the anterior medullary velum 
and innervate the contralateral superior oblique. 
Therefore the motoneurons of both the superior rec- 
tus and the superior oblique supply contrzlateral 
muscles. Zee’ has offered a possible explanation of 
this “seeming anatomic quirk” which lies in the 
functional organization of the VOR. Ocular rota- 
tions caused by stimulation of the vertical semicir- 
cular canal or utricle are primarily caused by 
various actions of the superior recti and oblique as 
well as reciprocal action of the inferior oblique and 
rectus. The appropriate ocular motor subnuclei 


-subserving these muscles all lie on the same side of 


the brainstem and it may be that the organization 
of the subnuclei evolved from the anatomic require- 
ments for appropriate vestibulo-ocular reflexes. 


Cerebellum. It is well known that cerebellar sys- 
tem abnormalities not only produce abnormalities 
of posture and coordination but a variety of eye 
movement disturbances as well.” “. . . Many if not 
most of the cell groups participating in direct pre- 
motoneuronal pathways of the oculomotor system 
are affiliated by afferent or efferent connections 
with particular subdivisions of the cerebellum.’’® 
Llinas and Wolfe found that stimulation of the 
cerebellar vermal cortex could produce both sacca- 
dic and smooth pursuit eye movements.” One cere- 
bellar region that has received considerable atten- 
tion in recent years is the vestibulocerebellum, in- 
cluding all those folia which receive a direct projec- 
tion from the vestibular component of the eighth 
nerve. The vestibulocerebellum has long attracted 
attention with regard to its involvement in visuo- 
motor tasks. Experiments by Lisberger and Fuchs” 
indicate that the flocculus plays a major role in 
modulating smooth pursuit eye movements ef non- 
vestibular origin. The anatomical basis for interac- 
tion between the vestibulocerebellum and nuclei in 
the brainstem involved in control of eye movement 
has been reviewed by Alley.** A projection from the 
inferior olive is believed to be the final link for the 
relay of afferent input from the visual system to the 
cerebellum.” This pathway begins in the retina 
with a projection to the contralateral pretectal 
area. Visual information is then passed on to the ip- 
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silateral inferior olivary nucleus and finally to the 
cerebellar flocculus. 


One exciting area in ocular motor neurophysiology 
is the discovery of a modifiable reflex, the VOR. 
The vestibulocerebellum has been implicated in the 
gain control of the VOR (gain = slow phase eye ve- 
locity/head velocity). In humans,” cats,” and rab- 
bits,” alterations in retinal slip caused by the wear- 
ing of prisms or lenses have been compensated for 
by changes in the VOR gains. Robinson” found that 
cats in which this adaptive process had already 
taken place completely lost all of these plastic 
changes after removal of the vestibulocerebellum. 
He contended that these compensatory changes in 
VOR gain were probably carried out via medifiable 
synapses in the cerebellum, possibly those between 
the T-fibers and Purkinje cells, with the climbing fi- 
bers providing the input for the modification. In 
general, this adaptive activity is in keeping with the 
idea of the cerebellum as a “repair shop,” compen- 
sating for changes elsewhere in the motor pathways 
which would otherwise produce dysmetria. The 
search for the precise region of cerebellum or brain- 
stem which is the site of the “modifiable” synapses is 
continuing. 


Optokinetic System. As pointed out by Enoks- 
son,” it was Purkinje who introduced the scientific 
study of the optokinetic response when he noted the 
patterned eye movements of spectators watching a 
parade in Vienna in 1825.'° Barany'® termed the 
phenomenon he noted in train passengers “Eisen- 
bahnnystagmus.” Since that time innumerable 
studies have investigated different aspects of OKN 
only a few of which are cited here.'°?-!°° Many fac- 
tors determine the magnitude and character of the 
response including the instructions, nature of the 
target, area of visual field subtended and region of 
retina stimulated, duration of the stimulus and con- 
comitant input particularly from the vestibular and 
smooth pursuit systems. Two general types of OKN 
are believed to occur in animals with foveal vision 
(including man): termed “Stiernystagmus” and 
“Schunystagmus.”!°?-!°7 These have been anatomi- 
cally translated as subcortical and cortical respec- 
tively or according to the region of stimulation as 
“field” and “object” OKN.'!° Subcortical or field 
OKN depends upon the stimulation of most of the 
visual field (also called peripheral OKN). is inhib- 
ited by the presence of stationary contours, is fol- 
‘lowed by afternystagmus (OKAN), survives decorti- 
cation in experimental animals but is impaired by 
brainstem and peripheral labyrinthine injury.!%8111-113 
Cortical or object OKN is most closely allied with 
visual smooth pursuit tracking, and oceurs with 
small field stimulation, is not inhibited by surround 
` stationary contours, is not followed by OKAN, and 
is clearly dependent upon attention and disappears 
following decortication in animals. Cortical and 
subcortical OKN summate when both the peripher- 
al and central retina are stimulated in the same 
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direetion, but when oppositely directed optokinetic 
stimuli are produced on central and peripheral 
retia! regions, the central component is dominant. 
The intense activity in the vestibular nuclei during 
full field optokinetic stimulation has emphasized 
the role of these nuclei in OKN slow phase genera- 
tion and provided insight into visual-vestibular in- 
teractions during head rotation.**''*""” A definite 
interaction, if not algebraic summation, of visual 
anc vestibular information takes place in the region 
of the-vestibular nuclei. +!%113.116-118 The same vestib- 
ular meurons which are activated by horizontal 
head rotations in one direction are also excited by 
horizental rotations of the visual surround in the 
oppesite direction. This in part explains the fact 
that when humans sit inside a full field optokinetic 
envirenment they experience an illusion of self-rota- 
tion. circularvection, which is indistinguishable 
from the vestibular sensation of true rotation.'*!"9 
The knowledge of visual-vestibular interactions has 
given rise to a number of models explaining the in- 
terrelationships and the optokinetic response. 18% 118-12 


What then might be the role of the optokinetic 
response in the freely moving animal? The earlier 
pragmatic suggestion which identified slow phase 
OEN with smooth pursuit is oversimplified. Foveal 
smooth pursuit and OKN slow phases are not identi- 
cal: OKN is present in infants prior to smooth pur- 
suit afoveate animals may have OKN but no clear 
smooth pursuit; and the gain of OKN slow phases 
(OEN slow phase velocity/stimulus velocity) de- 
pend upon stimulus size while smooth pursuit gain 
depends primarily upon actual retinal slip 
velocity.'°? However, pursuit gain, as alluded to in 
the earlier discussion also depends upon the'predict- 
ability of the target waveform which may be 4 less 
important factor in OKN slow phase gain. Simply 
put, the optokinetic system functions along with the 
vestibulo-ocular reflex in man to provide retinal im- 
age stability. 


Various anatomical schema have been proposed 
to explain observed responses with a variety of CNS 
diserders in man but most of these have been based 
upen limited clinical observations under poorly 
controlled conditions and have suffered from lack of 
consistent clinicopathologic correlation. It is not... 
sufficient to have gross clinical localization or a’ 
clinical diagnosis of “multiple sclerosis” or “spino- 
cerebellar degeneration” to define the nature of the 
neurologic dysfunction. And as pointed out by Zee 
et al." “Even in intact foveate animals, the slow 
phases of nystagmus induced during optokinetic 
stimulation may be, in part, produced by the pur- 
suit system. Many optokinetic stimuli, such as hand 
drums that do not induce circularvection or pro- 
longed OKAN, may not appreciably excite the opto- 
kinetic system.” Newer methods of OKN stimuka- 
tion and their correlation with specific pathologic 
enttes are areas for further investigation. 
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